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INTRODUCTORY. 


In  March,  1896,  The  Armature  Winder  made  its  first  ap- 
pearance, its  attractive  feature  being  the  commencement 
of  a.  series  of  lectures  on  desig'ning  dynamos  and  motors, 
these  lectures  being  written  from  daily  shop  pr(actice,  and 
made  comprehenisible  by  questions  and  their  subsequent 
answers.  As  each  paper  with  its  lecture  made  its  appear- 
ance, the  interest  manifested  by  readers  became  more  pro- 
nounced, imtil  'we  were  flooded  with  inquiries  for  numbers 
which  the  various  readers  had  missed.  As  we  hjad  only 
reserved  a  very  few  papers  of  each  issue,  our  ability  to  sup- 
ply the  back  numbers  was  limited.  We  consequently  de- 
cided to  print  the  lectures  in  book  form,  and  so  notiiied 
our  readers  of  this  decision,  with  the  result  that  orders  for 
the  book  came  in,  in  quantities  which  were  beyond  anything 
we  had  (anticipated.  This  evidence  of  the  popularity  of  our 
efforts  enccurag'ed  us  in  compiling  a  work  much  more  ex- 
tensive and  valuarble  than  had  at  first  been  our  intention, 
in  order  to  accomplish  this,  we  felt  the  necessity  of  asso- 
ciating with  us  a  man  of  greater  technical  knowledge  th|an 
we  ourselves  possessed,  so  that  the  '^vork  might  be  thor- 
oughly criticized  and  enlarged.  'We  selected  Mr.  John  C. 
Lincoln,  an  electrical  engineer  of  national  reputation,  who 
has  contributed  articles  to  this  book  covering  matters  of 
greiat  interest,  and,  so  far  as  we  have  been  able  to  learn, 
ideas  never  before  appearing  in  print. 

CLEVELAND  ARMATURE  WORKS. 
Cleveland.   Ohio,   March.    1899. 


PREFACE. 

This  book  was  written  especially  to  assist  those  who 
have  some  practical  knowledge  of  electricity  and  who  wish 
to  learn  more  of  the  way  in  which  wiring  is  calcnlated  and 
of  the  simpler  and  more  important  parts  of  dynamo  electric 
machine  desiirn.  Some  of  the*  methods  nsed  and  explana- 
tions advanced  in  the  book  are,  so  far  as  the  writers  know, 
entirely  new,  and  it  has  all  been  written  with  the  idea  of 
illnstrating'  the  snbjeet  and  making  it  ias  simple  and  as  easy 
of  comprehension  as  possible.  The  only  way  to  obtain  a 
working  knowledge  of  the  subject  is  by  careful  study.  The 
book  has  been  arranged  so  that  those  who  are  willing  to 
devote  some  eft'ort  to  the  work  can  get  a  clear  conception 
of  the  moT'e  importiant  ideas  and  laws  that  underlie  the  sub- 
ject. One  who  studies  the  text  and  answers  the  questions 
at  the  end  of  each  chapter  should  be  able  to  calculate  a 
wiring  job  for  lights  or  power;  to  calculate  the  proper  size 
and  amount  of  wire  for  a  dynamo  when  he  has  the  dimen- 
sions of  the  machine;  to  calculate  the  size  and  winding  for 
a  magnet  to  give  a  required   pull,  etc. 

The  table  of  contents  shows  the  scope  of  the  work. 

The  questions  which  follow  each  chapter,  in  connection 
^vith  the  answers,  will  bring  out  the  more  important  points 
treated  in  each  chapter.  It  is  believed  that  a  careful  study 
of  the  text  and  the  working  of  the  examples  will  serve  to 
throw  a  great  deal  of  light  upon  a  subject  in  which  a  great 
many  people  are  interested. 

CLEVELAND  ARMATURE  WORKS, 
and   J.  C.  LINCOLN. 
Cleveland,  O.,  June  1,  1899. 
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CHAPTER    I. 
WIRING, 

1.  rt  is  very  coTnmonly  said  that  nothing  is  known  of 
electricity.  This  is  both  true  and  false.  We  do  not  know 
what  electricity  is  nor  anything  of  its  ultimate  nature,  but 
we  do  know  a  great  deal  about  the  laws  which  govern  the 
action  of  electricity. 

For  all  ordinary  purposes  the  action  of  electricity  is 
very  closely  analogous  to  the  action  of  water.  From  the 
study  of  the  principles  which  govern  the  flow  and  action  of 
water  a  very  great  deal  can  be  learned  concerning  the  prin- 
ciples and  laws  governing  the  action  of  electricity. 

Tn  this  analogy  the  water  represents  electricity.  When 
water  flows  from  a  higher  to  a  lower  level,  it  is  capable  of 
doing  work  by  driving  some  kind  of  a  water  wheel.  The 
greater  the  height  through  which  the  water  falls,  the 
g-reater  the  amount  of  work  it  can  do.  The  same  thing  is 
true  of  electricity.  The  greater  the  difference  in  electrical 
level,  or  difference  of  potential,  or  the  greater  the  voltage, 
the  greater  the  amount  of  electrical  work  the  electricity  can 
do.  The  unit  of  difference  of  electrical  level  is  the  volt,  and 
we  may  say  that  the  volt  corresponds  to  one  foot  of  "head" 
in  a  system  for  developing  power  by  water.  The  amount  of 
power  that  can  be  developed  from  a  water  fall  depends  on 
two  things;  first,  the  fall  in  feet  or  the  head,  and  second, 
the  size  of  the  stream.  At  Niagara  Falls  the  power  that  can 
be  developed  is  practically  infinite,  not  because  the  height 
of  the  fall  is  so  great,  but  because  the  size  of  the  stream  is 


so  great.  Any  water  fall  is  capable  of  developing-  power, 
depending  on  ihe  size  of  the  stream.  The  unit  of  flow  may 
be  taken  as  one  gallon  per  second.  The  corresponding 
quantity  in  electricity  is  called  current.  The  unit  of  cur- 
rent is  called  the  ampere.  The  ampere  then  corresponds  to 
the  one  gallon  per  second  in  a  flow  of  water. 

The  amount  of  water  that  can  flow  from  a  higher  to 
a  lower  level  depends  on  the  size  of  the  pipe  line  through 
which  the  water  is  led.  Imagine  a  large  pond  of  water 
twenty-five  feet  above  the  sea.  The  amount  of  water  that 
will  flow  from  the  pond  through  a  4-inch  pipe  is  very  much 
greater  than  what  will  flow  through  a  i^-inch  pipe.  Again 
if  there  are  two  pipes  of  the  same  size  leading  from  the 
pond  to  the  sea  and  one  is  twice  as  long  as  the  other,  a(bout 
twice  as  much  water  will  flow^  through  the  short  pipe  as 
through  the  long  one.  The  friction  of  the  water  is  greater 
in  the  long  pipe,  or  the  resistance  to  the  flow^  is  greater,  and 
so  less  water  flows. 

There  is  no  convenient  unit  for  the  resistance  of  a  pipe 
to  the  flow  of  water,  but  the  unit  of  resistance  of  a  wire  to 
carrying  a  current  is  well  defined  and  is  called  the  ohm. 


Figure  1 

Resistance  offered  to  flow  of  water  through  a  long  crooked  pipe 

Discharge  in  gallons  per  minute  corresponding  to  amperes. 


The  resistance  offeied  bj'  the  lont^.  small,  crooked  pipe 
to  the  flow  of  the  water  corresponds  to  the  resistance  of- 
fered by  a  vsire  to  tlie  flow  of  the  electrical  current.  An  in- 
spection of  Fig*.  1  will  show  that  the  flow  depends  on  the 
head.  If,  instead  of  having  a  head  of  25  feet,  it  was  in- 
creased to  50  feet,  the  amount  of  water  discharged  would  be 
doubled,  so  that  the  flow  depends  on  the  head  or  pressure. 
If  on  the  other  hand  the  discharge  pipe  was  made  larger, 
or  shorter,  even  with  25  feet  head,  twice  as  much  w^ater 
could  be  made  to  escape,  so  that  the  flow  or  current  is  in- 
versely proportioned  to   the  resistance. 

Putting  this  in  the  form  of  an  equation  we  have: 
Discharge  or  current  equals  head  or  pressure  divided 
by  resistance  or  friction  In  a  circuit  carrying  electricity 
the  same  thing  is  true  and  we  have:  Electrical  discharge  or 
current  equals  electrical  head  or  pressure,  divided  by  elec- 
trical friction  or  resistance.  Since  the  unit  of  electrical 
current  is  the  ampere,  and  the  unit  of  electrical  pressure  is 
th.e  volt,  and  the  unit  of  electrical  resistance  is  the  ohm,  we 
have:  Amperes  equal  volts  divided  by  ohms,  or  putting  it  in 
the  form  of  a  fraction  we  have: 


volts 
amperes  =    

ohms 


This  relation  is  knowm  as  Ohm's  law  and  is  one  of  the 
most  important  that  we  shall  consider.  Since  the  electrical 
pressure  is  what  causes  the  movenaent  of  the  electrical  cur- 
rent,  it  is  called  electro-motive  force,  and  as  this  is  very  long 
it  is  abbreviated  to  E.  M.  F.  Since  the  amperes  measure  the 
amount  of  flow  of  electricity,  such  flow  is  called   current, 


and  this  is  abbreviated  to  C.     The  resistance  is  abbreviated 
to  R.,  and  we  have  our  Ohms  law 


By  the  way  in  which  Ohms  law  was  deduced  it  is  plain 
to  see  that  is  is  only  one  form  of  a  general  and  universal 


iaw. 


Ohms  law^  is  the  statement  for  electrical  quantities  of 
the  general  law  that  the  result  produced  is  proportional  to 
the  effort  expended,  and  inversely  proportional  to  the  re- 
sistance to  be  overcome. 

To  get  a  general  idea  of  these  units  we  may  say  that  a 
single  cell  of  storage  battery  has  a  voltage  of  two  volts. 
One  hundred  and  ten  volts  is  the  electrical  pressure  usually 
employed  for  lighting  incandescent  lamps.  Two  hundred 
and  twenty  volts  is  very  frequently  used  as  the  E.  M.  F.  for 
driving  motors.  Five  hundred  volts  is  universally  used  on 
street  railroads  to  propel  street  cars.  An  ordinary  gra\4ty 
battery,  such  as  is  usually  employed  for  telegraphic  work, 
has  an  E.  M.  F.  of  one  volt.  Dynamos  for  electrotyp- 
ing  usually  employ  two  or  three  volts.  Dynamos  for  elec- 
troplating from  five  to  ten  volts. 

The  current  taken  by  an  incandescent  lamp  is  about 
y^  ampere.  The  current  required  by  a  street  arc  lamp  is 
from  ten  to  six  amperes,  depending  on  the  brilliancy  of  the 
light.  The  current  used  in  a  land  telegraph  wire  is  .003  to 
.005  amperes.  The  resistance  of  1,000  feet  of  copper  wire 
one-tenth  of  an  inch  in  diameter  is  one  ohm.  Ten 
feet  of  German  silver  wire  the  size  of  the  lead  in 
a  pencil     has    a    resistance    of      one      ohm.      The     resist- 


ance  of  a  mile  of  the  heavy  feed  wire  used  in 
propelling-  street  cars  is  about  one-tenth  of  an  ohm.  Sup- 
pose Fig".  2  to  be  part  of  tiie  heating  system  of  a  building. 


Figure  2 
System  for  distributing  hot  water  at  constant  pressure. 

The  pump  takes  in  the  water  from  the  low  pressure  pipe, 
and  after  passing  through  a  heater  it  is  forced  out  into  the 
high  pressure  pipe  to  the  radiators  over  tlie  building.  If 
the  pipes  PI  and  PO  are  large  enough  there  will  be  the  same 
pressure  practically  at  all  parts  of  the  pipe,  and  each  radia- 
tor Rl,  R2  and  E3  will  be  exposed  to  the  same  pressure  and 
receive  the  same  amount  of  water  provided  they  are  simi- 
lar. If,  hovrever,  the  pipes  PI  and  PO  are  small,  some  of  the 
pressure  on  the  water  in  the  pipe  PI  vrill  be  lost  in  over- 
coming the  friction  of  the  pipe,  so  that  radiator  R3  farthest 
away  from  the  pump  would  not  get  the  same  amount  of 
pressure  as  Radiator  Rl  nearest  the  pump.  There  would  be 
a  similar  loss  of  pressure  in  pipe  PO.  If  the  pump  produces 
a  pressure  of  twenty  pounds  per  square  inch,  and  the  fric- 
tion and  resistance  of  the  leading  pipe  PI  is  great  enough 
to  cause  the  pressure  to  fall  to  19  pounds  at  the  nearest 
radiator  Rl,  and  causes  it  to  fall  to  18  pounds  at  R3,  the 
loss  of  pressure  will  be  two  pounds  at  R3  in  the  pipe  PO, 


if  both  PI  and  PO  are  of  the  same  size  and  the  loss  will  be 
ooie  pound  at  Rl  in  each  pipe. 

Under  these  circumstances  the  pressure  driving  water 
throug-h  El  is  18  pounds  and  through  R3  is  16  pounds,  in- 
stead of  20  pounds  as  produced  by  the  pump.  Such  a  sys- 
tem for  distributing  water  is  closely  analogous  to  a,  con- 
stant potential  or  constant  electrical  pressure  system  for 
distributing  electricity.  The  pump  takes  the  water  from 
one  main  pipe  and  raises  the  pressure  and  delivers  it  to  the 
other  pipe.  The  radiators  between  these  pipes  receive  the 
water  at  practically  constant  pressure.  The  total  stream  in 
the  main  pipe  is  the  sum  of  the  individual  currents  in  the 
radiators.  The  loss  of  head  or  pressure  in  the  main  pipes  is 
greater  as  the  flow  of  water  is  increased,  and,  if  the  radia- 
tors require  practically  constant  pressure  to  ■work  properly, 
soon  reaches  a  limit.  In  each  of  these  four  respects  such  a 
water  system  is  perfectly  analogous  to  a  constant  potential 
lighting  system.  The  pump  corresponds  to  the  dynamo  in 
Pig.  3,  which  takes  the  electricity  from  one  wire  and  raises 
its  pressure  so  that  it  is  110  volts  higher  at  one  side  of  the 
dviiamo  than  at  the  other. 
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Figure  3 
System  for  distributing  electricity  at  constant  pressure. 


The  electricity  is  carried  along  the  main  wires  Ml  and 
MO,  which  correspond  to  the  two  pipes  PI  and  PO  in  Fig. 
2,  to  the  incandescent  lamps  LI,  L2,  L3.  It  is  evident  that 
there  is  some  loss  of  pressure  in  carrying  the  current  along 
the  main  wires  MO  and  Ml  from  the  dynamos  to  the  lamps, 
and  that  this  loss  of  pressure  depends  on  the  amount  of  cur- 
rent or  upon  the  number  of  lamps  in  use. 

The  lamp  L3  will  get  in  any  case  some  less  pressure 
than  the  lamp  LI,  and  when  this  difference  becomes  great 
enough  so  that  L3  burns  perceptibly  dimmer  than  LI, 
the  main  lines  Ml  and  MO  are  carrying  more  current  than 
they  properly  can.  In  practice  the  number  of  radiators  in 
such  a  heating  system  as  shown  in  Fig.  2  would  not  probably 
be  much  over  100,  and  usually  very  much  less,  w^hile  for  the 
electric  system  the  number  of  lamps  on  the  dynamo  will 
be  from  five  to  ten  times  as  great. 
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Figure  4 
Typical  constant  potential  system, 


Fig.  4  shows  the  dynamo  taking  current  from  the  main 
MO  and  delivering  it  at  110  volts  higher  pressure  to  the  main 
Ml.  Part  of  it  leaves  the  main  Ml  for  the  branch  Bl  and 
flows  through  the  seven  lamps  to  the  other  main  MO.     The 


voltage  is  lost  in  overcoming  the  resistance  of  the  lamps. 
The  resistance  of  the  lamps  constitutes  from  90  to  98  per 
cent,  of  the  resistance  of  the  circuit.  A  second  part  leaves 
the  main  at  B2  and  passes  into  the  wires  of  this  branch 
through  the  17  lamps  shown.  The  rest  of  the  current 
passes  to  B3  and  through  the  8  lamps  in  that  circuit.  There 
will,  of  course,  be  some  loss  of  pressure  or  "drop"  in  the 
branch  circuits. 

The  calculation  required  in  wiring  is  needed  to  find 
out  how  large  to  make  the  main  wires  MO  and  Ml  and  how 
large  the  w^ire  on  the  branch  circuits  should  be.  The  whole 
system  should  be  so  designed  that  there  should  be  a  differ- 
ence of  only  a  volt  or  two  between  the  various  lamps  on  the 
circuit.  The  point  to  be  aimed  at  is  even  or  constant  volt- 
age for  the  lamps. 

We  will  take  up  three  different  forms  of  Ohms  law  that 
^'sall  be  convenient  for  use  in  calculating  wiring  problems. 

E.M.F. 

We  have  seen  that  C= ,  or,  put  into  words,  am- 

R 

peres  equal  volts  divided  by  ohms. 

The  two  other  forms  of  this  most  important  equation 
are  volts  equals  amperes  multiplied  by  ohms;  or,  E.  M.  F, 

E.  M.  F.  =  CxR     (2);  and  third,  ohms   equal  volts 

E.M.F. 

divided  by  amperes ;  or,  R  -= (3). 

C 

These  three  equations  should  be  carefully  studied  and 
memorized.    For  our  work  in  wiring,  the  second  is  the  most 

8 


importfctnt.  Equation  (2)  means  that  the  loss  in  volts  in 
any  part  of  the  circuit  depends  on  the  amount  of  current 
the  wire  is  carrying,  and  also  on  the  resistance  of  the  wire. 
If  the  amount  of  current  carried  is  doubled,  the  volts  lost 
are  doubled;  and  if  a  new  wire  is  used  of  twice  the  resist- 
ance, the  loss  of  volts  is  doubled,  and  in  general  the  volts 
lost  or  the  "drop"  is  equal  to  the  amperes  the  wire  is  carry- 
ing multiplied  b^^  the  ohms  of  resistance  of  the  wire  car- 
rying the  current.  Suppose  there  were  100  lamps  on  the 
three  circuits  shown  in  Fig.  4  and  that  they  were  very 
close  together,  so  that  they  all  received  about  the  same 
E.  M.  F.  from  the  mains  Ml  and  MO,  but  th-at  the  dynamo 
was  about  500  feet  from  the  lamps,  near  an  engine.  In 
such  a  case  the  principal  loss  of  pressure  would  be  in  the 
mains  carrying  current  between  the  dynamo  and  lamps.  If 
we  use  No.  6  wire,  which  is  .162  inches  in  diameter,  there 
would  be  a  resistance  of  .395  ohms  in  the  mains,  for  there 
are  1,000  feet  in  the  two  mains,  and  the  table  No.  1  shows 
this.  Each  lamp  requires  %  ampere,  so  that  100  lamps  will 
require  50  amperes. 

By  formula  2  we  have  volts  lost  in  leads  or  mains  equal 
amperes  multiplied  by  ohms,  or  drop,  equals  50  multiplied 
by  .395  equals  19.75  volts.  In  this  case,  if  the  lamps  were 
to  be  supplied  with  110  volts,  the  dynamo  would  have  to 
produce  110  volts  plus  19.75  volts,  or  129.75  volts.  Circuits 
of  this  sort  are  frequent,  and  if  carefully  operated  such  a 
grrat  loss  as  20  volts  in  the  mains  may  be  allowed.  The 
ordinary  case,  however,  is  one  in  which  the  lamps  are  about 
equally  distributed  between  the  dynamo  and  the  end  of  the 
circuit.  In  such  a  case  a  drop  of  20  volts  in  the  mains 
would  not  be  permissiible,  for  then  the  lamps  near  thr 
dynamo  would  g-et  X30  vglts  and  those  at  the  end   of   the 


circuit  would  get  110  volts.  This  is  altogether  too  much 
variation.  The  greatest  variation  that  should  ever  be  al- 
lowed is  8  volts,  and  all  vs^ell-regulated  plants  do  not  have 
more  than  two.  The  reason  that  it  is  best  to  have  the 
variation  a  minimum  is  that  the  incandescent  lamps  have  a 
much  longer  life  if  the  voltage  is  constant  than  if  it  is  not. 
If  a  lamp  has  a  life  of  800  hours  at  110  volts,  it  will  not 
burn  more  than  200  hours  at  115  volts,  and  if  it  is  burned 
at  105  volts  it  ^vill  not  give  more  than  2-3  of  its  rated  light. 
The  drop  usually  allowed  in  mains  for  a  building  does  not 
exceed  3  per  cent.,  and  in  the  best  plants  is  not  over  2  per 
cent. 

Talble  1  gives  the  properties  of  copper  wire  of  all  the 

American  or  B.  &  S.  (BrowQ  &  Sharpe)  gauge  sizes. 
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TABLE  1. 
PROPERTIES  OF  PURE  COPPER  WIRE. 
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Consulting  this  table  to  see  how  the  resistance  of  .395 
was  found  for  the  two  500  feet  leads  or  mains,  look  down 
the  left  hand  column  until  we  come  to  No.  6.  The  second 
column  shows  that  the  diameter  of  No.  6  wire  is  .162  millts, 
or  162-1000  of  an  inch.  In  the  firs.t  section  of  tlie  table 
we  see  that  1000  feet  of  No.  6  'wire  has  a  resistance  of  .395 
ohms.  Fig".  5  shows  the  ordinary  lighting  circuit  with  the 
dynamo  in  the  middle  of  the  circuit  and  the  lamps  about 
equally  distributed  along  the  circuit. 
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Figure  5 
Ordinary  lighting  circuit. 


Theoretically  at  every  branch  the  size  of  the  mains 
should  be  reduced,  but,  as  this  is  practically  impossible,  it 
is  usual  to  carry  the  large  wire  far  enough  and  make  a 
reduction  in  size  only  once  or  twice.  In  Fig.  5  we  will 
allow  a  loss  of  two  volts  in  the  leads.  Taking  the  left  hand 
side  of  the  circuit,  if  we  assume  the  full  amount  of  241/3 
amperes  to  be  carried,  75  feet  plus  60  feet,  or  135  feet,  we 
shall  get  a  wire  large  enough  and  the  drop  will  be  less 
than  the  two  volts  rather  tiian  more.  This  will  allow  for 
some  additional  drop  in  the  additional  40  feet  for  the  last 
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circuit.     We  have  then  two  volts  equals  241/2  multiplied  by 

2 
ohms,   or   ohms   equals  equals   .0816  o'hms.     We  must 

find  a  wire  then  that  has  a  resistance  of  .0816  ohms  in  270 

1000 
feet.       Sucli   a   wire  will  have    a  resistance  of    multi- 

270 
plied  by  .0816  for  1,000  feet,  or  .302  ohms  per  1,000  feet. 
Consulting"  the  table,  w^e  find  tihat  No.  5  wire  has  a  resist- 
ance of  .313  per  1,000  feet,  and  we  will  select  this  as  the 
size  to  be  used.  On  the  rig-ht  hand  side  of  the  circuit  we 
will  select  a  wire  large  enough  to  give  two  volts  drop  if  all 
the  current   is   carried   to    the   second   branch  circuit,  or   2 

2 
equals  25  multiplied     by  R,   or  R   equals    —    equals   .08125 

25 
ohms.     As   the  length  of    the  wire   is   170  multiplied   by    2 

equals  340  feet,  the  resistance  of  1,000  feet  of  this  wire  will 

1000 
be multiplied  by  .0S125,  or  .238  ohms. 

340 

Consulting  tlhe  table  we  see  that  No.  4  wire  has  a  re- 
sistance of  .248  per  1,000  feet,  and  we  will  select  this.  For 
short  branch  wires  it  is  best  to  use  the  table  of  the  fire 
underwriters,  which  limits  the  amount  of  current  a  wire 
shall  carry  by  the  heating  of  the  wire.  Taible  II  shows 
these  values. 

Currents  allow^ed  by  fire  underwriters  in  wires  of  various 
sizes: 
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TABLE  II. 
Table  A.  Table  B. 

Rubber  Covered  Wires.  Weatherproof  Wires. 

B.    &    S.    G.  Amperes.  Amperes. 

18   3   5 

16 6  8 

14   12   16 

12   17   23 

10   24   32 

8    33    40 

6 46    65 

5    54   77 

4   .'     65   92 

3   7G   110 

2 90   131 

1   107 156 

0   127   185 

00   150    220 

000   177   .; 262 

0000 210 312 

For  small  isolated  plants  5  volts  drop  is  usually  allowed 
.so  that  the  sizes  for  the  leads  we  have  figured  for  2  volts 
drop  are  plenty  large  enough  for  good  results  for  such 
plants.  The  drop  is  often  expressed  in  per  cent.  A  5  per 
cent,  drop  is  5  per  cent,  of  110  volts,  or  5%  volts.  If  pos- 
sible, branch  circuits  should  be  tapped  on  to  the  mains  at 
the  center  of  the  branch,  in  order  to  secure  a  more  even 
voltage  at  the  lamps. 


^i>i;>^i>i>^6i>Q^6 


Figure  6 

Drop  in  branch  circuit 
tapped  at  end. 


1^ 

6<:>6<i><^i><!>6^66666 

Figure  7 

Drop  in  same  circuit  connected 
in  center. 
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If  the  branch  wires  in  Figs.  6  and  7  are  both  of  the 
.same  size,  it  is  easy  to  see  that  the  drop  in  the  branch  wire 
as  connected  in  Fig*.  6  is  very  much  greater  than  in  Fig.  7. 
In  fact,  the  drop  in  Fig.  7  is  only  one-fourth  of  that  in 
Fig.  6,  for  in  Fig.  7  each  branch  carries  half  the  current 
half  the  distance  that  it  does  in  Fig.  6.  Sometimes  when 
from  circumstances  the  drop  In  the  branch  circuits  is  bound 
to  be  very  great,  it  is  possible  to  connect  them  so  that 
while  there  is  a  great  deal  of  drop  in  each  line  all  the  lamps 
receive  the  same  voltage. 


ooooooooooooooooQ-g- 


Flgure  8 

Method  of  connecting  lamps  so  as  to  get  even  voltage  at  lamps 
even  with  great  drop  in  the  line. 


Fig.  8  shows  such  a  connection.  If  the  drop  in  each 
wire  were  five  volts  from  one  end  to  the  other  and  the  mains 
supplied  115  volts,  each  lamp  would, still  get  110  volts.  The 
great  trou'ble  with  such  schemes  is  that,  although  they 
work  well  when  fully  loaded,  when  partly  loaded  the  volt- 
age on  the  lamps  that  do  burn  is  excessive  and  certain  to 
shorten  the  life  of  the  lamps.  The  only  way  to  install  a 
plant  that  will  be  perfectly  satisfactory  in  the  way  of  drop 
in  the  lines  is  to  use  wire  large  enough,  so  that  when  fully 
loaded  the  drop  is  small,  then  with  ligiit^  loads  it  will  be 
still  less. 
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OALCULATION    OF    FEEDEES    FOR    STREET    RAILWAY 

WORK. 


Tn  street  railway  wiring  we  have  the  peculiar  case  that 
only  one  side  bf  the  line  is  wire  and  the  earth  is  used  for 
the  return. 


FEEDER 


TF\QU-EY 


Figure  9 
Electric  circuit  of  street  car  system, 


The  rails  are  electrically  connected  to  each  other  by 
bonding,  and  the  rails  are  connected  to  the  dynamo  at  the 
power  house.  It  is  usual  to  connect  the  dynamo  to  the  gas 
and  -water  pipes  in  the  city,  so  as  to  take  the  current  that 
naturally  flows  in  them.  In  a  well-bonded  track  there  is 
not  much  loss  of  voltage  in  the  return  or  ground  circuit, 
and  all  the  loss  is  figured  in  the  overhead  wire.  The  trol- 
ley wire  is  usually  No.  1  or  No.  0,  so  as  to  give  mechanical 
strength.  The  trolley  w^ire  is  fed  from  feeders,  which  are 
large  wires  running  from  the  dynamos  and  connected  to 
the  trolley  wires  at  various  points.  For  the  heaviest  loads 
at  least  10  per  cent,  loss  or  50  volts  is  allowed  in  the  feeder. 
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]Iow  large  sihould  a  feeder  three  miles  long  be  to  carry  300 

50 

amperes  with  50  volts  loss?    Here  we  have =  ohms  in 

300 
1 
feeder=— .  As  there  are  three  miles  of  feeder  the  resistance 
6 

I      1  1 

per  mile  will  be  — X—  = ,  or  .0555  ohms  per  mile.  The 

6      3         18 

table  does  not  give  the  size  of  a  wire  so  large  as  this,  but  it 

will  be  ten  times  as  large  as  one  that  has  ten-eig^hteenths, 

or    .555,    ohms    per   mile,    or    a    wire   a    little    less    than    ten 

times  as  large  as  No.  0  wire,  is  what  we  want.     This  will 

be  a  wire  of  about  105600x10  circular  mills,  or  about  1,000,000 

circular  mills,  or  about  one  inch  in  diameter.     Such  a  wire 

is  very  expensive  to  put  up,  so  that  it  would  be  cheaper  to 

install  four  wires  Vb  inch  in  diameter,  as  these  would  have 

the  same  size  and  carrying  capacity  as  the  single  large  wire. 

The  calculations  required  in  wiring  are  almost  univer- 
sally required  in  connection  with  constant  potential  cir- 
cuits. 


Figure  10 
Arc  light  circuit. 
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There  are  two  ways  in  wliioh  electricity  is  distributed: 
First,  constant  potential;  and  second,  constant  current.  In- 
candescent lighting  and  a  great  deal  of  arc  lighting,  street 
railway  systems  and  all  important  plants  for  the  transmis- 
sion of  power  are  operated  on  the  constant  potential  sys- 
tem. Most  of  the  arc  lights  that  are  in  use,  especially  the 
older  ones,  are  operated  under  the  series  system.  In  the 
first  case,  each  lamp  or  motor  receives  the  full  voltage  of 
the  system  and  only  part  of  the  current.  In  the  second, 
each  lamp  receives  the  full,  current  flowing  in  the  system, 
but  only  part  of  the  voltage.  Each  arc  lamp  5n  a  series 
system  takes  from  50  to  55  volts. 

Some  of  the  latest  arc  dynamos  will  carr^^  125  or  even 
150  such  lamps,  which  requires  a  voltage  of  nearly  8,000 
volts.  Such  a  voltage  is  very  dangerous,  and  this  is  one 
reason  why  the  series  system  is  not  in  general  use.  A  2,000 
candle  power  arc  lamp  requires  9  to  10  amperes,  and  a  1,200 
candle  power  from  6  to  61/2.  No.  6  B.  &  S.  is  usually  used 
for  2,000  candle  power  arc  light  lines  and  No.  8  for  1,200 
candle  power.  A  convenient  rule  by  which  to  calculate  the 
resistance  of  copper  wire  in  the  absence  of  a  table  is  R 
equals  10.8  multiplied  by  length  in  feet  divided  by  diameter 
in     mill?,     or     one-thousandths     of     an     inch     squared,  or 

10.8  X  L 
R= 

in  which  L  equals  length  in  feet  and  M  equals  the  diameter 
in  mills. 


QUESTIONS  ON  WIRING. 

1.  What  is  known  of  the  nature  of  electricity? 

2.  What  is  known  of  the  laws  governing  its  action? 

3.  What  analogy  may  be  used  to  illustrate  the  action 
of  electricity? 

4.  In  the  analogy  of  the  action  of  water  and  electric- 
ity, what  corresponds  to  electric  pressure?  What  to  elec- 
tric current?    What  to  electric  resistance? 

5.  What  is  the  unit  of  electric  pressure? 

6.  To  what  unit  in  hydraulic  work  does  it  correspond? 

7.  What  is  the  unit  of  electric  current? 

8.  What  is  the  unit  of  electric  resistance? 

9.  What  is  Ohms  Law? 

10.  Is  Ohms  Law  peculiar  to  electricity  or  does  the 
same  general  law  hold  in  other  work?     Give  an  example. 

11.  How  many  volts  does  an  ordinary  storage  battery 
produce? 

12.  What  pressure  is  usually  employed  for  incan- 
descent lamps? 

13.  How  many  amperes  are  used  by  an  ordinary  incan- 
descent lamp?    How  many  by  an  arc  light? 

14.  What  is  the  resistance  of  1,000  feet  of  copper  wire 
1-10  inch  in  diameter? 

15.  Give  an  example  different  from  that  given  in  the 
text  of  the  loss  of  pressure  with  the  transmission  of  fluids. 
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16.  On  what  does  the  loss  of  pressure  in  a  pipe  carry- 
ing a  fluid  depend? 

17.  To  what  does  the  pump  in  a  system  for  distribut- 
ing fluids   correspond   in    an   electric    system? 

18.  Give  other  points  of  analogy  between  the  example 
you  have  selected  and  the  electric  system. 

19.  Upon  what  does  the  loss  of  pressure  in  a  wire  de- 
pend? 

20.  Draw  a  diagram  of  a  constant  potential  electric 
system  with  four  branch  circuits  and  38  lamps  distributed 
among  them. 

21.  What  part  of  the  whole  resistance  of  a  circuit 
should  the  lamps  be? 

22.  What  is  "drop"? 

23.  What  is  the  ideial  condition  as  regards  drop  in  wir- 
ing up  an  electrical  plant? 

24.  Why  is  it  not  possible  to  realize  the  ideal  condition? 

25.  What  are  calculations  in  wiring  required  for? 

26.  What  are  the  three  different  statements  or  forms 
of  Ohms  Law? 

27.  Which  is  the  most  important  in   wiring  problems? 

28.  Write  out  in  your  own  words  what  equation  (2) 
means. 

29.  How  many  volts  are  lost  in  a  circuit  carrying  120 
amperes  and  having  a  resistance  of  1-30  of  an  ohm? 

30.  What  sized  wire  would  be  required  for  such  a  cir- 
cuit if  it  were  400  feet  long? 

1 

31.  How^    many    amperes  are  flowing  in  a    wire    of  — 

25 
ohm  if  there  is  a  drop  of  two  volts  in  it? 
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32.  What  is  the  resistance  of  a  wire  that  has  3^4  volts 
drop  when  can-ying  45  amperes? 

33.  If  a  dynamo  supplies  current  to  its  circuit  at  114 
volts  and  each  main  wire  has  a  drop  of  three  volts,  what 
voltage  is  there  on  the  lamps? 

34.  A  certain  station  fed  a  number  of  lamps  at  a  con- 
siderable  distance.     The  drop   was   55   volts,    the  resistance 

1 
of  the  circuit  was  —  of  an  ohm.  How  many  amperes  was 

the  station  carrying? 

35.  What  drop  is  allowed  in  the  mains  of  the  best 
plants? 

36.  A  dynamo  in  a  basement  is  used  to  light  a  building. 
The  wnres  are  carried  100  feet  before  any  branch  circuits 
are  taken  off,  and  then  one  is  taken  off  every  12  feet  for  96 
feet.  What  sized  wire  would  be  required  to  carry  400  am- 
peres wuth  a  drop  in  the  wires  of  three  volts? 

37.  Why  is  it  best  to  attach  a  branch  circuit  to  the 
main  in  the  middle? 

38.  A  certain  plant  is  used  to  light  a  building.  It  is 
desired  to  light  another  building  800  feet  away  and  using 
1,000  lamps.  In  order  to  save  copper,  115  volt  lamps  are 
used  in  the  first  building  and  100  volt  lamps  in  the  second 
building.  At  15  cents  per  pound,  how  much  less  would  the 
copper  for  the  mains  cost  with  100  volt  lamps  in  the  second 
building  than  with  110  volt  lamps? 

39.  What  are  the  objections  to  such  a  scheme  as  out- 
lined in  question  38?     ' 

40.  In  branch  eircuits  carrying  a  large  number  of 
lamps,  what  table  s>hould  Tdc  employed  to  determine  the  size 
of  the  wire? 
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41.  How  many  volts  drop  are  usually  allowed  in   the 
feed  wires  of  street  railway  circuits? 

42.  How  do  the  currents  return  from  the  street  cars 
to  the  dynamo? 

43.  Why  does  such  a  return  as  is  used  in  street 
railway  work  save  copper? 

44.  How  large  a  wire  would  be  required  to  carry  500 
amperes  1^^  miles  with  a  drop  of  75  volts? 

45.  What  w^ould  such  a  wire  cost  at  .Uyi  per  pound? 

46.  If  125  volts  drop  were  used,  w^hat  current  would 
this  wire  carry? 

47.  If  500  amperes  were  carried  on  a  wire  at  125  volts 
loss  IVo  miles,  how  much  would  the  wire  cost  at  .141/2  per 
pound  ? 

48.  What  size  of  trolley  wire  is  usually  employed  in 
street  railway  work? 

49.  Sketch  out  a  system  of  wiring  for  street  railw^ay 
circuit  hy  which  the  voltag-e  when  near  the  power  house  is 
less  than  when  at  a  distance  from  it. 

50.  In  ^vhat  two  ways  is  electricity  distributed? 

51.  For  what  is  the  series  system  used? 

52.  What  is  the  characteTistic  feature  of  the  constant 
potential  system? 

53.  Of  the  series  system? 

54.  What  current  is  required  for  a  2,000  c.  p.  arc  lamp? 

55.  What  current  is  required  for  a  1,200  c.  p.  arc  lamp? 

56.  What  is  a*  convenient  rule  for  calculating  the  re- 
sistance of  a  copper  wire  in  the  absence  of  tables? 
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CHAPTER   II. 


ELECTRfC  BATTERIES, 


In  the  year  17S6  Galvani  noticed  that  when  the  muscles 
of  a  frog's  leg  touched  an  iron  railing  when  the  legs  were 
supported  by  the  spinal  cord  from  copper  hooks  attached 
to  the  iron,  the  frog's  legs  contracted  spasmodically.  This 
experiment  led  finally  to  the  production  of  the  electric  bat- 
tery. 

Volta,  in  the  year  1800,  produced  the  so-called  voltaic 
pile,  which  is  one  of  the  simpler  forms  of  a  battery.  The 
easiest  and  most  simple  way  to  make  a  battery  is  to  insert 
in  a  jar  partially  filled  with  acidulated  water,  or  even  brine, 
a  strip  of  zinc  and  one  of  copper.  Upon  joining  the  zinc 
and  copper  outside  the  solution  by  a  metallic  conductor,  a 
circuit  of  electricity  will  flow  from  the  copper  to  the  zinc 
through  the  conductor  and  from  the  zinc  to  the  copper 
through  the  acid.  The  way  in  which  the  current  Hows 
through  the  acid  is  not  thoroughly  understood,  but  this 
flow  is  accompanied  by  the  oxidation  or  slow  Burning  of  the 
zinc  and  by  the  evolution  of  hydrogen  gas  on  the  copper. 
The  primary  cause  of  the  flow  of  the  current  is  the  com- 
bustion of  the  zinc,  and  if  the  conditions  are  properly  ar- 
ranged the  amount  of  current  'that  flows  is  strictly  propor- 
tional to  the  amount  of  zinc  consumed. 


The  appearance  of  the  M^drogen  gas  on  the  copper  re- 
duces the  current  which  flows  by  covering  it  to  a  great  ex- 
tent with  a  thin  layer  or  coating  of  hydrogen  gas.  The 
battery  will  deliver  much  more  current  when  means  are 
provided  to  prevent  the  formation  of  gas  upon  the  copper. 


table  iii. 
[:lectko-cht!:mical  series  of  the  elements. 


— 

+ 

Oxygen 

Caesium 

Sulphur 

Potassium 

Xitrogen 

Sodium 

Flonrine 

Zinc 

Chlorine 

Iron 

Bromine 

Copper 

Iodine 

Silver 

Phosphorus 

Mercury 

Carbon 

Platinum 

y                          Antimony 

Gold 

Hydrogen 

The  process  of  coating  the  copper  with  hydrogen  gas 
is  called  polarization.  The  zinc  plate  is  called  the  positive 
element,  the  copper  plate  is  called  the  negative  element. 
The  binding  post  by  which  the  current  leaves  the  copper 
is  called  the  positive  pole,  because  the  current  flows  from 
this  binding  post  tnrough  the  outside  circuit  to  the  nega- 
tive pole  on  the  zinc  plate.  Some  metals  may  be  used  in 
place  of  the  zinc  as  the  positive  element   in  the  battery; 


among  these  the  more  important  are  potassium  and  sodium. 
Many  metals  may  be  used  to  take  the  place  of  copper,  but 
the  one  most  frequently  employed  is  carbon. 

A  battery  composed  of  zinc  arid  carbon  has  a  muc'h 
higher  electro-motive  force  than  one  in  which  the  zinc  and 
copper  are  used;  in  fact,  the  metals  may  be  arranged  in  a 
series  in  which  any  metal  may  be  used  as  a  positive  element 
in  combination  with  any  below  it,  and  as  a  negative  ele- 
ment when  used  in  combination  with  any  above  it.  Table 
Xo.  3  is  such  a  list. 

Zinc  and  copper  in  a  solution  of  sulphuric  acid  give  an 
elctro-motive  force  of  about  one  volt.  Zinc  and  carbon 
give  about  two  volts.  Zinc  and  carbon  with  an  alkaline 
solution,  such  as  salamoniae  or  potash,  give  about  one  volt 
and  one  half.  Various  means  are  employed  to  prevent  the 
hydrogen  from  appearing  or  adhering  to  the  negative  ele- 
ment. Some  of  these  are  mechanical,  sucili  as  the  use  of 
very  fine  metallic  powder,  such  as  platinum  sponge,  which 
permits  the  bubbles  of  gas  to  escape  when  very  small,  or 
by  the  use  of  a  stream  of  air  bubbles  which  mechanically 
carries  away  the  hydrogen  from  the  surface  of  the  negative 
element.  The  first  method  is  used  in  the  Smee  battery,  in 
which  the  negative  element  is  a  thin  plate  of  platinum  on 
which  has  been  coated  a  coating  of  very  finely  divided  me- 
tallic platinum   called   platinum    sponge. 

By  all  means  the  more  important  method  for  preventing 
the  appearance  of  hydrogen  on  the  negative  element  is  tlie 
use  of  some  chemical  which  consumes  the  hydrogen  before 
it  reaches  the  negative  element.  This  is  usually  aceom- 
plished  by  inserting  the  negative  element  in  a  porous  cup 
which  is  filled  with  a  powerful  acid  or  with  some  other  ma- 
terial which  burns  up  the  hydrogen. 
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When  the  zinc  of  a  battery  is  consumed  it  combines 
with  oxygen  from  the  solution  in  which  it  is  placed,  and  for 
every  atom  of  oxygen  which  chemically  unites  with  the 
zinc  two  atoms  of  hydrogen  are  evolved,  and  these  travel 
from  the  surface  of  the  zinc  through  the  solution  in  some 
way  toward  the  negative  plate.  If  somewhere  between 
the  positive  and  negative  plates  a  porous  cup  is  placed,  the 
hydrogen  will  pass  through  the  pores  of  this  cup  on  its  way 
toward  the  negative  plate. 

If  within  the  porous  cup  .is  placed  a  very  powerful  acid, 
the  hydrogen  is  consumed  or  burned  up  as  soon  as  it  reaches 
this  acid,  and  thus  the  polarization  which  would  otherwise 
occur  from  the  appearance  of  hydrogen  gas  on  the  negative 
plate  is  prevented. 

Zinc  is  used  as  the  positive  element  in  almost  every 
battery. 

The  reason  that  primary  batteries  are  not  used  for  the 
purpose  of  developing  power  is  not  that  they  could  not  be 
so  used  but  that  the  zinc  and  sulphuric  acid  which  would 
be  required  to  produce  the  power  would  be  so  expensive  as 
to  be  prohibitive.  Efforts  are  being  constantly  made  to 
produce  a  battery  in  which  carbon  may  be  used  as  the  posi- 
tive element.  If  such  a  battery  could  be  commercially  pro- 
duced with  an  efficiency"  equal  to  the  zinc  battery,  it  would 
revolutionize  the  present  methods  of  producing  power  and 
be  .one  of  the  greatest  inventions. 

If  a  plate  of  carbon  be  immersed  in  fused  nitrate  of  soda 
and  an  iron  plate  be  used  as  the  negative  element,  current 
will  be  obtained.  There  is  a  dispute  as  to  the  source  of 
this  current,  some  claiming  that  it  is  electro-chemical  and 
others  that  it  is  produced  by  electro-thermal  effects.       In 
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either  case   the   battery  has  not   been   sufficiently   effective 
to  be  practical. 

A  very  powerful  battery 
for  experimental  purposes 
(see  Fig.  11)  may  be  con- 
structed by  using  a  number 
of  carbon  brushes  or  plates 
fastened  parallel  to  and 
close  to  each  side  of  the 
zinc  plates  and  arraoiged  so 
as  to  be  plunged  into  a  solu- 
tion of  sulphuric  acid,v^atei 
and   bi-chromate   of  potash. 

This  solution  may  be 
made  by  adding  to  one 
quart  of  water  one-half  pint 
of  commercial  sulphuric 
acid  and  one-quarter  pound 
of  bi-chromate  of  potash. 

The  writer  has  obtained  a  current  of  30  amperes  from 
a  single  cell  of  this  battery,  six  inches  in  diameter  and  six 
inches  deep.  It  is  necessary  to  provide  means  by  which 
the  plates  may  be  raised  from  the  solution  as  soon  as  the 
occasion  for  their  use  is  past. 

In  order  to  get  the  best  results  from  the  use  of  the  zinc 
plate  when  made  of  commercial  zinc,  it  is  necessary 'to 
amalgamate  it  or  wet  the  surface  with  liquid  mercury. 
This  may  be  easily  done  by  first  mechanically  cleaning  the 
plate,  next  removing  any  grease  by  the  use  of  potash  or 
soda,  and  third  by  immersing  it  for  a  few  moments  in  an 
acid.     The  acid  which  is  intended  to  be  used  as  an  electro- 


Figure  Ji 
Dip  or  plunge  battery. 
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lite  for  the  battery  will  answer.  This  will  cause  the  zinc 
plate  to  present  a  perfectly  clean  surface,  and  the  mercury 
will  quickly  spread  all  over  it.  This  treatment  prevents  the 
acid  from  attacking  the  zinc  when  the  outside  circuit  is  not 
closed. 

Below  is  a  table  giving-  the  names  of  a  number  of  the 

more    prominent    cells    in    use,    and    the    voltage    on  an 

open  circuit,  the  electrolite  used  and  the  character  of  the 
plates. 

TABLE  IV. 

DATA  OF   COMMON  BATTERIES. 


Name  of  Cell. 

E.M.F. 

Plates. 

Electrolite. 

Bunsen 

1.95 

1.93 

1.07 

1.47 

1.50 

.90 

200 

Zinc 
Lead 

Carbon 

Copper 

Carbon 

Copper  Oxide 

f        Nitric  and 
t    Sulphuric  Acid 
1        Nitric  and 
(    Sulphuric  Acid 
j  Copper  Sulphate 
(  Zinc  Sulphate 

Salamoniac 

Groove 

Gravity 

Leclanche 

Dry  Cell 

Salamoniac  Paste 

Edison  Lelande 

LeadStoraj^e 

Caustic  Potash 
Sulphuric  Acid 

It  is  a  fact  that  with  perfectly  pure  zinc  and  all  condi- 
tions being  perfect,  the  passage  of  a  certain  amount  of 
current  through  a  battery  is  invariably  accompanied  b}^  the 
solution  or  consumption  of  a   certain  amount   of  zinc. 

Conversely,  if  a  current  from  an  outside  source  be  passed 
through  a  battery  from  the  zinc  through  the 
ele-ctrolite  to  the  carbon,  metallic  zinc  will  be  deposited 
from  the  solution,  provided  the  battery  has  been  used  some 
before  the  experiment  is   made. 
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In  fact,  the  amount  of  electricity  which  passes  througn 
a  properly  arranged  solution  may  be  very  accurately  meas- 
ured by  the  amount  of  metal  which  is  deposited  from  the 
solution.  An  instrument  arranged  to  measure  current  in 
this  way  is  called  a  volta-meter. 

Practical  electricians  will  recall  the  old  Edison  meters, 
by  which  current  was  measured  and  sold  to  customers  from 
the  old  Edison  stations. 

In  this  instrument  the  current  was  caused  to  pass  from 
one  plate  of  zinc  through  a  solution  of  sulphate  of  zinc 
and  out  through  a  second  plate  of  zinc.  The  passage  of  ten 
amperes  for  ten  hours  through  this  meter  causes  the  solu- 
tion of  4.33  ounces  of  zinc  from  the  first  plate  by  which  the 
current  enters  the  solution,  and  the  deposit  of  an  exactly 
equal  amount  from  the  solution  upon  the  second  plate. 
Every  month  these  two  plates  were  removed  and  weighed 
and  the  weight  compared  with  what  it  was  a  month  before. 
The  amount  of  current  that  had  passed  was  calculated 
from  the  change  in  weight.  The  plate  by 
which  the  current  enters  the  solution  is  called 
the  anode,  and  the  plate  by  which  the  current  leaves 
the  solution  is  called  the  cathode.  It  will  be  convenient  to 
remember  that  the  current  always  carries  the  metal  with  it 
from  the  anode  into  the  solution  and  from  the  solution  on 
to  the  cathode.  In  fact,  it  is  easy  to  determine  the  direction 
in  which  a  current  is  flowing  by  causing  all  or  a  part  of 
the  current  to  pass  through  a  glass  tumbler  partly  filled 
with  a  solution  of  sulphate  of  copper  or  blue  vitriol,  in 
which  are  immersed  a  couple  of  nails,  one  connected  with 
each  side  of  the  circuit  which  is  to  be  tested.  On  one  of 
the  nails  will  appear  bubbles  of  gas,  while  the  other  will  be 
more  or  less  rapidly  covered  with  a  layer  of  metallic  copper. 
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The  current  will  flow  from  the  first  nail  through  the  solu- 
tion to  the  second  nail. 

A  very  great  deal  of  attention  is  now  being  given  to  the 
chemical  changes  that  are  being  brought  about  by  the  ac- 
tion of  electric  current  upon  the  various  chemical  com- 
pounds, and  it  is  the  writer's  belief  that  the  greatest  ad- 
vances in  electrical  knowledge  during  the  next  few  years 
will  be  made  along  this  line. 


ELECTRO-PLATING. 

We  have  discussed  above  the  principles  upon  which  elec- 
tro-plating depend. 

The  general  scheme  is  to  cover  one  metal  with  a  thin 
layer  of  another  metal  by  electro-chemical  means.  To  do 
this  a  solution  is  prepared  and  in  this  solution  are  immersed 
a  number  of  anodes,  usually  of  nickel,  silver,  copper,  gold  or 
brass,  with  which  it  is  desired  to  plate  the  second  metaJ 
In  the  same  solution  is  immersed  the  metal  to  be  plated. 

A  current  is  passed  from  the  anode  through  the  solu- 
tion to  the  metal  to  be  plated,  or  cathode.  The  action  of 
the  current  is  to  decompose  the  solution  and  deposit  the 
metal  from  the  solution  on  the  cathode,  at  the  same  time 
forming  a  portion  of  acid  which  in  some  way  passes  through 
the  solution  to  the  anode  and  there  dissolves  just  as  much 
of  the  anode  into  the  solution  as  was  deposited  by  the  cur- 
rent out  of  the  solution. 

The  amount  of  metal  deposited  upon  the  cathode  de- 
pends upn  the  amount  of  current  which  flows  and  upou 
the  time  it  flows  or  upon  the  ampere  hour*  of  current.     If 
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the  amount  of  current  is  properly  arranged,  the  metal  will 
be  deposited  from  the  solution  in  an  even  adhesive  layer. 
If  too  much  current  flovrs,  the  metal  will  not  be  deposited 
in  such  a  firm  layer  and  the  corners  will  have  a  blackened 
appearance,  when  the  work  is  said  to  be  burned.  The  skill 
of  the  plater  comes,  first,  in  getting  the  work  to  be  plated 
chemically  clean;  second,  in  arranging  the  solutions  prop- 
erly: third,  in  adjusting  the  amount  of  current  to  the  so- 
lution and  the  amount  of  work.  One  kind  of  solution  is 
used  with  zinc,  another  vdith  nickel,  another  with  silver,  an-  . 
other  with  copper. 

Each  solution  requires  special  treatment,  and  to  get 
good  results,  expert  knov^ledge. 

It  is  a  peculiar  fact  that  a  mixture  of  metals,  such  as 
brass,  may  be  used  in  plating,  but  that  the  voltage  required 
with  such  a  solution  is  two  or  three  times  higher  than  that 
required  by  copper  or  nickel. 

Below  will  be  found  a  table  of  the  elements,  giving  their 
names,  atomic  weights,  relative  resistances  by  volume,  rela- 
tive resistance  by  weight  and  weight  deposited  by  ten  am- 
peres in  ten  hours. 
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TABLE   V. 


PROPERTIES  OF  METALS 


as 

1/ 

£     ns 

'C 

^ 

IS    § 

.u 

i>. 

>• 

'J5 

«^  S  bC 
0)  S  O  -^ 

be 

•i-t 

nds  Depos 
en  hours  h 
Amperes 

J^ 

k  e3  — .:5 

>  ^ 

o 

g55.r-(«,H    DC 

•i-H 

1-t 

2^ 

a 

Qi 

^  m  ^-r^ 

o 

P-*^    rH 

8.94 

S'S 

<«1 

£bS 

Copper 

1.00 
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STORAOE  BATTERIES. 


When  two  plates  of  lead  are  immersed  in  a  solution  of 
sulphuric  acid  and  a  current  is  passed  through  the  cell, 
there  is  a  tendency  to  produce  an  oxide  of  lead  on  one  plate 
and  spongy  or  metallic  lead  on  the  other  plate.  If  the 
plates  are  properly  prepared  and  the  current  is  sent 
through  the  battery  repeatedly,  first  in  one  direction  and 
then  in  the  other,  the  cell  will  finally  be  completed  or 
formed. 

In  a  completed  storage  battery,  passing  the  current 
through  the  battery  is  called  charging  it,  and  the  charging 
produces  chemical  changes  on  the  plates,  which  will  pro- 
duce electric  currents  if  the  plates  are  connected  by  a  wire 
outside  the  battery. 

When  current  is  flowing  from  the  battery  it  is  said  to 
be  discharging.  The  battery  will  continup  to  discharge  un- 
til the  chemical  products  formed  by  the  charging  current 
liave  been  reduced  to  their  original  state.  The  advantages 
possessed  by  the  storage  battery  over  the  primary  battery 
are  that  there  is  no  polarization  and  the  resistance  of  the 
battery  may  be  made  very  much  lower  than  that  of  a  pri- 
mary battery. 

As  its  name  indicates,  the  storage  battery  is  practically 
a  device  for  absorbing  energy  from  an  electric  circuit  at 
one  time  and  restoring  it  to  the  electric  circuit  at  some 
subsequent  time.  The  charging  current  in  a  good  battery 
may  vary  between  wide  limits,  but  the  best  results  will  be 
obtained  from  a  moderately  small  amount  of  charging  cur- 
rent.    The  same  thing  is  true  of  the  amount  of  the  current 
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during"  discharge.  The  best  modern  storag*e  batteries  used 
for  horseless  carriage  work,  where  extreme  lightness  is  es- 
sential, have  a  capacity  of  two  ampere  hours  per  battery 
for  every  pound  of  weight  in  the  battery  and  a  capacity  of 
four  watt  hours  per  pound  in  the  battery. 

The  two  principal  uses  for  storage  batteries  at  the  pres- 
ent time  are  for  storing  power  in  central  stations  during 
times  of  light  load,  so  that  it  can  deliver  the  power  during 
the  time  of  the  heaviest  load,  and  second,  for  furnishing 
electric  current  for  motors  for  horseless  carriages  and  elec- 
tric launches.  Storage  batteries  may  also  be  used  to  great 
advantage  near  the  end  of  a  long  line  which  has  an  inter- 
mittent load  on  it.  The  battery  will  absorb  current  during 
times  of  light  load  and  deliver  it  during  times  of  heavy  load, 
thus  making  the  current  that  comes  over  the  line  from  the 
central  station  practically  constant.  The  great  objections 
to  the  storage  battery  are  its  cost  and  weight.  So  far,  no 
one  has  succeeded  in  making  a  practical  battery  out  of  any 
other  material  than  lead. 
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QUESTIONS  ON  CHAPTER  II. 


BATTERIES. 


1.  What  two  men  were  chiefly  instrumental  in  the  early 
development  of  the  electric  battery? 

2.  Describe  a  way  in  which   a  simple  battery  may  be 
constructed, 

3.  In  which  way  does  the  current  from  a  battery  flow 
in  the  outside  circuit? 

4.  What  is  the  real  cause  of  the  flow  of  current  in  a 
battery  ? 

5.  What  is  polarization? 

6.  What  is  the  positive  element  in  a  battery?     What  is 
the  negative  element? 

7.  What  is  tlie  positive  pole  of  a  battery? 

8.  What  metals  may  be  used  to  advantage  in  place  of 
copper  in  a  battery? 

9.  Consulting  table  No.  2,  why  is  it  that  zinc  and  car- 
bon produce  a  higher  E.  M.  P.  than  zinc  and  copper? 

10.  What  means  are  used  to  prevent  hydrogen  from  ap- 
pearing on  the  negative  element? 
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11.  Describe  a  chemical  means  for  preventing-  hydrogen 
from  appearing"  on  a  negative  element? 

12.  Why  are  primary  batteries  not  used  to  develop 
power? 

13.  Describe  a  battery  in  which  carbon  is  used  as  a 
positive  element. 

14.  How  may  a  powerful  battery  for  experimental  pur- 
poses be  made? 

15.  In  order  to  get  the  best  results  from  a  zinc  plate 
when  used  in  a  battery,  how  must  it  be  treated? 

16.  What  is  the  relation  between  the  amount  of  zinc 
consumed  in  a  battery  and  the  amount  of  current  it  pro- 
duces? 

17.  What  is  a  voltameter? 

18.  Describe  the  Edison  current   recording   meter. 

19.  What  is  an  anode?     What  is  a  cathode? 

20.  Does  a  current  of  electricity  carry  a  metal  with  it 
or  against  it? 

21.  How^  may  the  direction  of  a  current  be  determined 
by  chemical  means?     . 

ELECTRO-PLATING. 

1.  What  is  accomplished  by  electro-plating? 

2.  Describe  the  process  of  electro-plating. 

d,    On  what  does  the  amount  of  metal  deposited  depend? 
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4.  What  is  the  effect  of   having-  too  much  current  in 
eleetro-pla  ting  ? 

5.  Is  it  possible  to  plate  an  alloy,  such  as  brass?     If  so, 
how? 


STOEAGE  BATTEHIES. 

1.  What  is  a  storage  battery? 

2.  Describe  the  process  of  charge  and  discharge. 

3.  What   advantages   does   the  storage   battery  possess 
over  ordinary   batteries? 

4.  For  w^hat  are   storage   batteries  used? 


39 


CHAPTER  ni. 


MAGNETISM. 


If  a  hard  piece  of  steel  be  brought  into  contact  with  a 
mag-nef  it  will  become  magnetized  and  it  will  retain  more  or 
less  of  the  magnetism.  If  steel  of  the  proper  kind  and 
which  ha:s  had  the  proper  treatment  is  chosen,  the  mag- 
netism will  be  constant,  almost  absolutely  constant.  Tung- 
sten steel,  artificially  aged,  is  used  for  volt  meters  and 
measuring  instruments  in  which  the  accuracy  of  the  instru- 
ment depends  on  the  constancy  of  the  magnetism  of  the 
steel,  and  the  steel  meets  the  requirements.  If  a  magnet 
is  supported  so  as  to  be  free  to  turn  in  a  horizontal  plane, 
it  will  set  itself  north  and  south,  as  is  seen  in  the  mariner's 
compass. 

The  pole  that  turns  toward  the  north  is  called  the 
north  or  N.  pole  and  the  other  the  south  or  S.  pole.  It  is  a 
fact  that  like  poles  repel  each  other  and  unlike  poles  at- 
tract each  other. 

The  earth  on  which  we  live  is  a  great  magnet,  and  this 
has  its  S.  magnetic  pole  at  or  near  the  north  geographical 
pole,  for  if  by  definition  a  N.  pole  is  one  that  points  to  the 
north  and  unlike  poles  attract  each  other,  the  N.  pole  of  the 
compass  must  point  toward  the  S.  magnetic  pole  of  the 
earth. 
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A  magnet  is  surrounded  by  what  is  called  a  field  of 
force. 

What  are  called  lines  of  force  are  supposed  to  spring 
from  the  iron  or  steel  at  the  north  pole,  pass  through  the 
air  to  the  south  pole,  enter  the  iron  and  pass  through  it  to 
the  north  pole.  The  lines  of  force  are  said  to  flow  in  the 
direction  indicated.  This  should  be  carefully  kept  in  mind, 
as  it  will  be  used  a  great  deal  later. 

A  line  of  force  is  alwaj.s 
a  closed  curve,  and  if  any 
one  travels  along  the  whole 

of  a  line  of  force  one  will  al-  ,'-:j--'-'--V,-:-. 

ways  come  to  the  starting 
point.  A  line  of  force  is  the 
direction  of  the  magnetic 
force  at  any  point. 

The  lines  of  force  from 
the  earth  are  flowing  in  the 
air  from  the  south  to  the 
north.  Near  the  equator  the 
magnetic  force  acting  on  a 
horizontal  compass  needle  is 
greater  than  in  other  parts 
of  the  earth. 


Figure  13 
Bar  magnet  and  field  of  force. 


The  earth  as  a  magnet  acts  on  a  horizontal  compass  in 
the  United  States  with  a  force  corresponding  to  from  one 
to  two  magnetic  lines  per  square  inch. 

If  a  bar  magnet  be  placed  under  a  piece  of  pasteboard 
or  a  piece  of  glass,  and  iron  filings  be  sprinkled  over  the 
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pasteboard  or  glass,  they  will  arrange  themselves  along 
the  lines  of  force.  A  picture  of  the  magnetic  lines  produced 
in  this  way  is  called  a  magnetic  spectrum. 

A  bar  magnet  bent  into  a  TT  shape  is  called  a  horse-shoe 
ma-net,  and  it  is  interesting  to  get  the  magnetic  spectrum 
of  such  a  magnet.  (See  Fig.  20.)  The  region  of  powerful 
influence  is  smaller  than  with  a  bar  magnet,  but  much  more 
intense.  The  spectrum  of  two  horse-shoe  magnets  attract- 
ing and  repelling  each  other  is  very  instructive.  A  wire 
carrying  a  current  has  a  very  pecu- 
liar spectrum.  This  spectrum  con- 
sists of  concentric  circles,  denser 
near  the  wire  than  at  a  distance 
from  it,  as  indicated  in  the  sketch. 


Figure  U 

Magnetic  spectum  of  wire 
carrying  current. 


When  the  direction  of  the  cur- 
rent is  reversed,  the  direction  of  the 
lines  is  reversed.  It  is  possible  to  find 
the  direction  of  a  current  in  a  wire 
by  the  use  of  a  compass  by  finding 
out  in  what  direction  the  concentric 

magnetic  lines  or  magnetic  whirl  flows.  A  free  north  pole 
would  move  in  the  direction  in  which  the  magnetic  lines 
flow  or  would  revolve  around  the  wire.  It  is  not  possible, 
of  course,  to  obtain  a  free  north  pole  or  a  north  pole  with- 
out a  south  pole,  so  that  all  that  can  practically  be  discov- 
ered is  the  direction  in  which  the  north  pole  of  a  compass 
;s  moved.  The  direction  in  which  the  north  pole  is  moved 
is  the  direction  of  the  whirl,  and  the  direction,  of  the  whirl 
be^rs  the  same  relation  to  the  direction  of  the  current  that 
the  direction  of  rotation  of  a  screw  bears  to  its  motion 
back  and  forth. 
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If  the  north  pole  of  a  compass  moves  in  a  right  hand 
direction,  this  shows  that  the  lines  of  force  flow  right  hand- 
ed and  that  the  current  is  flowing  away  from  the  observer. 

If  the  north  pole  of  a  compass  is   moved  to   the  right 

when    placed    over    a    wire 

carrying        current,       this 

shows  thait  the  whirl  is  right 

handed  and  the  current  is 

flowing  away  from  the  ob-  Figure  15 

server.  Direction   or  current   indicated  by 

direction   of  compass  by  wire 
If,    on    the   other   hand,  carrying  current  placed 

under  it. 
it  moves  to  the  right  when 

placed  under  the  wire,   this 

shows  that  the  whirl  is  left  handed  and  that  current  is  trav- 
eling toward  the  observer. 

It  is  a  fact  that  when  current  is  caused 
to  circulate  around  an  iron  or  steel  core,  the  core 
becomes  magnetized,  and*  if  the  current  is  strong  enough 
the  core  becomes  much  more  strongly  magnetized  than  is 
possible  wdth  permanent  magnets.  It  is  easy  to  get  a 
magnet  of  such  strength  that  the  armature  is  attracted  with 
a  force  of  125  pounds  per  square  inch,  and  in  extreme  eases 
the  magnetism  of  a  piece  of  soft  iron  has  been  pushed  to 
such  an  extent  as  to  produce  a  magnetic  pressure  of  1,000 
pounds  per  square  inch.  A  piece  of  soft  iron  surrounded 
with  such  a  circulating  current  becomes  a  powerful  electro- 
magnet, but  almost  all  the  magnetism  disappears  when  the 
current  is  withdrawn. 

There  is  a  relation  between  the  polarity  of  an  electro- 
magnet and  the  direction  in  which  the  current  circulates 
around    the    mafirnel   core.        When    the    current   circulates 
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around  the  magnet  in  the  direction   of  the  motion  of  the 
hands  of  a  watch,  the  pole  facing- 
the  observer  in  a  S.  pole. 

A  little  thought  will  show 
that  the  magnetism  of  an  elec- 
tro-magnet may  be  regarded  as 
the  sum  of  the  magnetic  whirls  of  Figure  16 

the  wires   surroundiner   the    core.    Relation  between   polarity  of 

electric  magnet  and  direc- 
An     inspection     of     Fig.    17    will         tion  of  exciting  current. 

show  this. 

A  helix  is  a  coil  of  wire  carrying  a 

.^^j;-_-:£j_v-_-_--^:v^;v       current;    the  name  is   usually  apj)lied 

^^MJ"  (^^  ^^  ^'  ^^'/)      only   to  a  single   long   spiral    of   wire. 


^  ^--»/i  ^-sz'z.--J-J^       A  piece  of  iron  placed  in  a  helix  carry- 
\\^*  v0;  \©)  {©/ t0)^fy      ing  current  becomes  an  electro-magnet. 

A   helix  carrying   current   has  all  the 
properties    of   an    electro-magnet,    but 


Figure  17 
Showing  that  the  magnet 


snowing  tnat  me  magnet  ^      -^  - 

wires  of  a  helix  or  elec-  the  magnetic  properties  are  not  so  pow- 
tromagnet  are  due  to  the        -   , 

addition  of  the  magnetic  ertul. 
whirls  of  the  wires  carry- 
ing the  exciting  current.  Fig.    18    shows    a    zinc   and    copper 

plate  attached  to  a  cork  and  floating 
in  an  acid  solution.  The  zinc  and 
copper  are  connected  with  a  helix. 
This  helix  will  turn  and  point  north 
and  south  in  the  same  way  a  com- 
pass would.  It  is  attracted  or  re- 
pelled by  a  permanent  magnet  in 
the  same  way  that  a  compass  is.  If 
there  were  two  of  them  floating  in 
the  same  vat  they  would  arrange 
themselves  end  to  end  with  N.  and 
S.  poles  adjacent. 


Figure  18 

Floating  helix  and 
electromagnet. 
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If  now  a  piece  of  soft  iron  be  placed  in  tlie  helix  all 
the  above  actions  become  much  stronger,  but  this  is  the 
only  ditference.  A  piece  of  hard  steel  may  be  made  into  a 
perm.anent  magnet  by  being  inserted  into  a  helix  carrying 
current.  A  helix  with  a  large  number  of  turns  is  called  a 
solenoid.  A  very  important  relation  exists  between  a  wire 
carrying  a  current  and  a  magnetic  field.  A  magnetic  field 
is  a  space  through  which  the  magnetic  lines  travel. 


Figure  19 

Magnetic  spectrum  of  a  helix :  compare  with  spectrum 
of  bar  magnet. 


■^Ts~l 


"V  ^  -__  ^ 


Figure  20 

Wire  carrying  current  in  a  magnetic  field  tending  to  move 
in  or  out  of  the  magnet. 
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Fig.  20  shows  a  horse-shoe  magnet  and  in  such  a  mag- 
net the  most  powerful  field  exists  between  the  ends.  Fig. 
20  also  shows  a  wire  placed  in  this  field  and  at  right  angles 
to  the  plane  of  the  magnet.  If,  now,  current  be  sent 
through  this  wire,  it  will  experience  a  mechanical  force 
tending  to  move  it  sideways  across  the  lines  of  force,  either 
into  or  out  of  the  magnet. 


Figure  21 


Fig.  21  shows  a  method  by  which  a  wire  carrying  a  cur- 
rent and  free  to  move  may  be  arranged.  This  is  a  most 
important  experiment,  and,  if  possible,  should  be  performed 
by  every  'one  interested  in  the  study  of  electricity.  The 
experiment  shown  in  Fig.  21  is  the  fundamental  experiment 
showing  why  it  is  that  a  motor  will  operate.  By  reversing 
the  experiment  shown  in  Fig.  21,  and  by  causing  the  wire 
to  move  across  the  lines  of  force,  it  is  possible  to  generate 
current  in  the  wire.  This  is  a  fundamental  experiment,  for 
it  shows  in  the  simplest  possible  manner  how  mechanical 
power  can  be  transformed  into  electrical  power,  or  how  a 
dynamo  works.     The  relations  that  exist  between  the  direc- 
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tion  of  morion  of  the  wire,  tjie  direction  of  lines  of  force 
;ind  the  direction  of  the  cnrrent  in  the  wire  when  moved  by 
hand  or  by  mechanical  force,  is  niost  easily  remembered 
')y  exteiidino-  the  thumb,  first  and  second  finger  ol" 
the  right  hand  at  right  angles  to  each  other.  When  so  ex- 
tended the  thumb  points  in  the  direction  of  the  motion,  the 
first  finger  points  in  the  direction  of  the  magnetic  lines,  and 
the  second  finger  in  the  direction  of  the  resulting  current. 
The  rule  for  remembering  the  direction  of  motion,  lines 
and  current  when  the  wire  is  supplied  with  a  current  from 
a  battery  or  other  source  is  the  same  as  the  case  of  a  wire 
moved  by  mechanical  force,  given  above,  except  thut  the 
thumb,  first  and  second  fingers  of  the  left  hand  are  used 
instead  of  the  right. 

Fig.  22  shows  an  electric  motor 
in  which  the  rules  given  above  may 
be  applied.  In  Fig.  22  the  N.  pole  is 
shown  at  the  top  and  consequently 
the  magnetnc  lines  flow  downwards, 
across  the  upper  air  gap  and 
through  the  armature  iron  and 
across  the  lower  lair  gap.  If,  now, 
current  flows  from  some  external 
source  through  the  loop  from  A  to 
B,  the  wire  in  the  upper  gap  will  be 
forced  to  the  left. 


Figure  22 

Passage  of  current 

through  a  loop  in  a  motor 

and  resulting  motion. 


As  the  current  in  the  other  side  of  the  loop  will  be  flow- 
ing in  the  opposite  direction  to  that  in  the  upper  side,  this 
part  of  the  loop  will  be  forced  to  the  right;  thus  the  wire 
in  the  upper  air  gap  and  the  wire  in  the  lower  gap  both 
tend  to  rotate  in  a  direction  opposite  to  that  of  the  hands 
of  a  watch.     Since  the  direction   of  the  current   in  all  the 
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wires  in  the  upper  air  gap  in  an  actual  armature  is  the  same, 
each  of  these  wires  will  be  forjed  to  the  left  and  in  a  similar 
manner  each  of  the  wires  in  the  lower  air  gap  will  be  forced 
to  the  right.  The  sum  of  the  mechanical  forces  acting  on 
the  wires  in  the  upper  and  lower  air  gaps  is  the  torque  or 
twisting  eifort  of  the  armature.  The  mechanical  force  de- 
pends on  two  things,  viz:  the  number  of  magnetic  lines  flow- 
ing across  the  air  gap  and  the  current  flowing  in  each  wire. 
When  a  wire  one  foot  long  is  in  a  field  of  a^n  intensity  of 
100,000  lines  per  square  inch,  there  will  be  a  mechanical 
force  of  .106  pounds  or  1.7  ounces  pushing  the  wire  sideways 
for  every  ampere  of  current  flowing  in  the  wire.  It  is  clear 
now  why  it  is  so  necessary  to  fasten  the  wires  to  the  arma- 
ture b3^  bands,  for  it  is  not  the  iron  which  tends  to  move, 
but  the  wire  on  the  outside  of  the  iron,  and  in  order  to 
communicate  the  torque  from  the  wire  to  the  iron  some 
such  means  are  necessary. 

Fig.  23  shows  the  same  machine 
as  Fig.  22,  except  that  the  armature 
is  driven  in  the  opposite  direction 
by  mechanical  power.  We  have  the 
north  pole  at  the  top  and  the  cur- 
rent tending  to  flow  through  the 
wire  in  the  same  direction  as  in  Fig. 
22.  There  will  be  a  drag  on  each 
wire  proportional  to  the  number  of 
lines  which  flow  across  the  upper 
air  gap  through  the  armature  and 
across  the  lower  air  gap  and  also  proportional  to  the  cur- 
I'ent  which  is  flowing  in  each  vdre. 


Figure  23 

Motion  of  a  wire  in  a 

magnetic  field  and  the 

resulting  current. 
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Since  there  is  the  same  mechanical  drag  in  each  wire 
in  the  upper  air  gap  and  an  equal  mechanical  drag  in  the 
opposite  direction  in  each  wire  in  the  lower  air  gap,  it  re- 
quires a  mechanical  torque  or  twisting  effort  on  the  arma- 
ture to  force  the  wires  carrying  the  current  through  the 
air  gaps.  It  sometimes  happens  that  when  very  excessive 
currents  pass  through  the  wires  on  an  armature  the  me- 
chanical drag  is  such  that  the  wires  slip  over  the  surface 
of  the  iron,  usually  cutting  through  the  insulation  at  some 
point  and  burning  out  the  armature.  This  is  one  advantage 
of  the  modern  tunnel  wound  armature,  for  its  construction 
gives  an  almost  perfect  mechanical  support  to  the  armature 
wires.  When  a  wire  moves  so  as  to  cut  100,000,000  lines  of 
force  per  second,  there  is  produced  in  this  wire  an  electro- 
motive force  of  one  volt.  It  will  pay  the  student  to  per- 
form the  experiments  illustrated  in  this  chapter,  as  he  can 
in  this  way  gain  a  first-hand  knowledge  of  the  fundamental 
j^rinciples  upon  which  the  operation  of  motors  and  dynamos 
depend  which  can  be  secured  m  no  other  way. 
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QUESTIO^'S  ox  CHAPTER  III. 

1.  WTiat  happens  if  a  hard  piec  of  steel  is  brought  into 
contact  with  a  magnet? 

2.  What  is  a  mariner's  compass? 

3.  What  is  the  north  pole?     The  south  pole? 

4.  What  is  a  held  of  force? 

5.  In  what  direction  do  magnetic  lines  flow? 
(>.     What  is  a  magnetic  spectrum? 

7.  W^hat  is  peculiar  in  the  magnetic  spectrum  of  a 
horse-shoe  magnet? 

8.  Describe  the  magnetic  spectrum  of  a  wire  carrying 
a  current. 

9.  What  is   a   magnetic  whirl? 

10.  What  is  the  relation  between  the  direction  of  flow 
of  current  in  a  wire  and  the  direction  of  the  magnetic  whirl? 

11.  If  the  current  in  a  vertical  wire  moves  the  north 
pole  of  a  compass  to  the  right  when  the  compass  is  held 
between  the  wire  and  the  observer,  in  what  direction  does 
the  current  flow? 

12.  A  wire  running  north  and  south  causes  the  north 
pole  of  a  compass  placed  over  it  to  be  deflected  toward  the 
west;   which  way  is  the  current  flo^^ing  in  the  wire? 
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13.  A  lineman  wished  to  learn  the  direction  od  the 
current  in  a  wire  over  his  head  and  observed  that  the  com- 
pass needle  when  held  over  the  wire  face  down  was  deflected 
toward  the  east,  the  wire  running  north  and  south.  Tn  what 
direction  does  the  current  flow  in  the  wire? 

14.  What  is  an  electro-magnet? 

15.  What  is  the  difference  between  a  permanent  mag- 
net and  an  electro-magnet? 

16.  What  is  the  relation  between  the  polarity  of  an  elec- 
tro-magnet and  the  direction  in  which  the  current  circu- 
lates around  the  iron  core? 

17.  Is  there  any  relation  between  the  polarity  of  an 
electro-magnet  and  the  magnetic  whirls  in  the  wires  of 
which  it  is  composed?     If  so.  what? 

18.  What  is  a  helix?     What  are  its  properties? 

19.  What  is  the  difference  between  a  helix  and  an 
electro-magnet  ? 

20.  ^Yhen  a  wire  carrying  a  current  is  placed  in  the 
field  of  a  horse-shoe  magnet,  what  occurs? 

21.  Explain  the  action  of  the  mechanism  in  Fig.  20 
w^hen  it  operates  as  a  motor. 

22.  Explain  its  action  when  it  operates  as  a  dynamo. 

23.  What  is  the  relation  between  the  direction  of  the 
motion,  direction  of  the  lines  and  the  direction  of  the  cur- 
rent when  the  apparatus  is  used  as  a  dynamo? 

24.  What  is  the  relation  between  the  direction  of  the 
motion,  the  direction  of  the  lines  of  force  and  the  direction 
of  the  current  when  the  apparatus  is  being  used  as  a  motor? 
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25.  Why  will  the  armature  in  Fig-.  21  reverse  its  direc- 
tion of  motion  if  the  north  pole  were  placed  at  the  bottom 
instead  of  at  the  top? 

26.  Why  is  it  that  both  wires  in  the  loop  in  Fig'.  21  tend 
to  rotate  the  armature  in  the  same  direction? 

27.  We  have  seen  that  the  earth  is  a  great  mag-net,  wdth 
its  south  magnetic  pole  near  its  north  geographical  pole. 
If  a  person  is  riding  a  bicycle  toward  the  west,  in  what 
direction  will  the  E.  M.  F.  be  generated  in  the  vertical 
spokes  in   the  moving  wheel? 

28.  If  a  current  is  traveling  in  a  coil  of  wire  that  is  free 
to  move,  and  the  coil  turns  so  that  its  plane  is  east  and 
west,  in  what  direction  will  a  current  be  flo^ving  in  this 
coil? 

29.  Two  men  standing  in  an  east  and  we«t  line,  50  feet 
apart,  raise  a  steel  tape  from  the  ground.  In  what  direction 
does  the  current  tend  to  flow  along  the  steel  tape? 

30.  In  an  Edison  motor  the  armature  is  revolving  right- 
handed  as  seen  b}'  the  obsers'er.  If  the  pole  on  the  left  is  a 
north  pole,  in  which  direction  does  the  current  flow  in  the 
wires  under  the  north  pole? 

31.  When  a  wire  is  in  a  field  of  100,000  lines  per  square 
inch,  what  is  the  mechanical  force  acting  on  the  wire  per 
ampere  per  foot? 

32.  How  many  magnetic  lines  must  be  cut  per  second 
to  produce  one  volt? 

33.  Is  there  any  other  reason  for  banding  do\^Ti  arma- 
ture wires  to  the  core  except  to  prevent  the  action  of  centri- 
fugal force? 
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CHAPTJ^K   lY. 


THE  MAGNETIC  CIRCUIT. 


De  La  Rives'  fioating  batter^^  (Fig.  18)  showed  that  a 
helix  carrying  a  current  is  a  magnet.  If  the  current  is 
measured  and  the  number  of  turns  counted,  it  will  be  found 
that  the  strength  of  a  given  helix  depends  on  the  number 
of  amperes  of  current  that  flow  through  it,  and  if  a  con- 
stant current  be  used  the  strength  of  the  helix  depends  on 
the  number  of  turns. 

Putting  these  two  facts  together,  we  see  that  the 
strength  of  any  helix  is  proportional  to  the  product  of  the 
number  of  turns  times  the  number  of  amperes  or  the  am- 
pere turns.  The  number  of  ampere  turns  is  a  measure  of 
the  magnetizing  force.  'By  producing  the  magnetic  spec- 
trum of  a  helix  (Fig.  19)  it  will  be  seen  that  all  the  lines 
traverse  the  center  of  the  helix  and  return  through  the  space 
outside  of  the  helix.  If  the  diameter  of  the  helix  be  large, 
more  lines  will  flow  throug'h  it  than  if  it  is  small.  If  it  is 
s'hort,  more  lines  will  flow  through  it,  other  things  being 
equal,  than  if  it  is  long.  A  careful  consideration  of  these 
experiments  will  show  that  there  is  the  same  relation  be- 
tween the  number  of  Hues  of  force  and  the  magnetizing 
force  or  number  of  ampere  turns  and  the  magnetic  resist- 
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ance  that  there  is  between  the  current,  voltage  and  resist- 
ance in  the  electric  circuit.  If  we  allow  X  to  represent  the 
number  of  lines  of  force  produced,  A  T  to  represent  the 
number  of  ampere  turns,  and  M  R  to  represent  the  mag- 
netic resistance  or  reluctance,  we  have  N=A-T-^M  R,  or 

AT 

.     It   will    be   noticed   at    once    that  this   is   Ohm's    law 

AT  R 

transferred   to  the  magnetic  circuit. 

The  magnetic  resistance  is  proportional  to  ihe  length  of 
the   magnetic  circuit   and   is  inverselj^  proportional   to   the 

L 
area  or  MIl= — ,  where  L  is  the  length  of  tne  magnetic  cir- 
A 

cuit  and  A  equals  the  area.  Substituting  this  in  the  for- 
mula we  have 

A 

N  =  A-T  X 

L 

If  A  and  L  be  expressed  in  inch  measurements,  we  have 

A-T  X  A 


(4) 


L  X  .3132 

We  will  now  see  what  effect  the  introduc- 
tion of  iron  into  the  helix  witl  have.  Figs.  18  an(T  19  show 
that  current  flowing  in  a  helix  produces  lines  of  force  in 
■he  helix  and  causes  it  to  become  a  weak  magnet.  If  a 
piece  of  soft  iron  be  inserted  in  the  helix,  the  iron  becomes 
ver}^  strongly  magnetized. 

It  can  be  shown  that  a  great  many  more  magnetic  lines 
of  force  traverse  the  helix  when  it  has  the  iron  inside  than 
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before.  Therefore  the  iron  offers  an  easier  path  for  the 
magnetic  lines  than  the  air  did  because  more  lines  flow 
under  the  same  circumstances  when  the  helix  is  filled  with 
iron  than  when  the  iron  is  absent.  Under  some  circum- 
stances the  iron  will  transmit  or  allow  to  pass  3,000  times 
as  many  lines  as  the  air. 

The  presence  of  the  iron  multiplies  the  numDer  of  mag- 
netic lines  by  oifering  an  easier  path  for  the  flow  of  the 
lines.  Tf  it  was  not  for  this  multiplying  action  of  the  iron, 
dynamo  electric  machinery  would  be  impossible.  That 
property  of  iron,  m  virtue  of  which  it  conducts  magnetic 
lines,  is  called  permeability. 

Now  the  permeability  of  iron  is  not  constant.  When 
only  a  few  lines  are  flowing  in  a  piece  of  iron  the  perme- 
ability or  multiplying  power  is  greatest.  If  the  iron  is  al- 
ready carrying  a  large  number  of  lines  the  permeability 
will  be  small. 

The  capacity  of  the  iron  for  carrying  lines  may  be  com- 
pared to  the  capacity  of  a  sponge  for  soaking  up  water. 

When  the  sponge  has  only  a  little  water  in  it,  it  will 
readily  absorb  more,  but  when  the  sponge  has  taken  up 
nearly  as  much  water  as  it  will,  or  is  saturated,  it  wdll  ab- 
sorb more  water  onh^  with  reluctance.  When  iron  is  car- 
rying about  as  much  magnetism  or  as  many  magnetic  lines 
as  it  will,  it  is  said  to  be  saturated.  The  permeability  of 
iron  at  various  numbers  of  lines  per  square  inch  in  the  iron 
or  at  various  degrees  of  saturation  has  been  measured,  and 
the  results  obtained  are  shown  in  the  following  table: 
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TABLE  VI. 


TABLE  OF  PERMEABILITY 


WROUGHT  IRON 

CAST  IRON 

o 

^ 

•pH    fild) 

t-i 

«2^« 

a 

i^«^ 

iz 

'SS|« 

p 

^^^^ 

Perme 
or  Mu 
ing  PC 
of  Iro 

X 

Essf 

£S 

U^& 

i 

<X)  CO-'-' t* 

c 

3l 

2h  O.^  O 

c 

^ 

fi  3  ^  a; 

30,000 

3,060 

9.8 

3.06 

25,000 

833 

30.0 

9.4 

40  000 

2,780 

14.4 

4:.12 

30.000 

580 

51.7 

10.2 

50.000 

2,488 

20.1 

6.29 

35,000 

390 

89.7 

27.5 

60,000 

2,175 

28.0 

8.76 

40,000 

245 

163. 

51. 

65,000 

1980 

32  8 

10.26 

45  000 

135 

333. 

104. 

70.00J 

1,920 

40.7 

12.7 

50,000 

110 

454. 

142. 

75,000 

1,500 

50.0 

15.6 

60,000 

66 

909. 

284. 

80,000 

1,260 

63.5 

19,8 

70.000 

40 

1750. 

548. 

85,000 

1,030 
830 

82.5 
108.0 

25.8 
33.8 

90,000 

95,000 

610 

156. 

48.8 

100.000 

420 

238. 

74  5 

105,000 

280 

375. 

117. 

110,000 

175 

629. 

197. 

115,000 

95 

1210 

378. 

120  000 

60 

2000. 

626. 

125,000 

40 

3125. 

978. 

130,000 

30 

4333. 

1356. 

135,000 

24 

5626. 

1761. 

140,000 

18 

7777. 

2434. 
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This  table  was  calculated  by  measuring  the  number  of 
raag-netic  lines  flowing*  through  an  iron  ring  surrounded 
b3^  a  certain  number  of  turns  of  wire  and  comparing  this 
with  the  number  that  would  flow  through  the  air  when  a 
wire  coil  of  the  same  size,  carrying  'the  same  current,  was 
tested  in  the  air. 


Figure  24 
Coil  of  wire  in  air. 


The  number  of  lines  flowing  in  the  coil  in  Fig.  24 
may  be  calculated  by  Formula  4,  or  measured  by  coil  and 
galvanometer  as  in  Fig.  25. 

Fig.  25  shows  the  same  coil  as  in  Fig.  24,  except  that  the 
coil  is  filled  with  iron  intetead  of  air. 

The  number  of  lines  flowing  ixmy  be  measured  with  a 
small  coil  and  galvanometer.  By  passing  the  same  currents 
through  both  coils  in  Figs.  24  and  25  and  comparing  the 
number  of  lines  produced,  the  permeability  is  found. 
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N  (Fig.  25)  -^  N  (Fig.  24)  =  permeability  at  particular 
value  of  current  used. 


Figure  25 
Same  coil  as  in  Figure  24  with  iron  core. 


In  the  above  table  the  first  coliimn  represents  the  num- 
ber of  lines  of  force  which  flovv^  through  the  iron.  The  sec- 
ond column  is  the  permeability  or  multiplying  power  of  the 
iron.  Th(.  third  column  is  the  number  of  magnetic  lines 
there  would  be  in  air.  The  fourth  column  is  the  ampere 
turns  required  to  force  the  magnetic  lines  through  one  inch 
of  iron  at  the  given  density.  The  first  part  of  this  table  is 
devoted  to  ordinary  wrought  iron  and  may  be  used  in  a 
general  way  to  represent  the  magnetic  properties  of  char- 
coal and  sheet  iron,  soft  sheet  steel  and  cast  steel. 

The  second  part  of  this  table  represents  the  properties 
of  ordinary  cast  iron. 

It  must  be  carefully  kept  in  mind  that  while  these  ta- 
bles give  a  general  idea  of  the  magnetic  properties  of  iron, 
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no  two  specimens  of  iron  are  exactly  alike,  and  if  it  is  de- 
sired to  get  an  accurate  knowledge  of  the  magnetic  quali- 
ties of  any  particular  sample  of  iron,  it  is  necessary  to  make 
a  separate  test  for  this  sample  and  construct  a  table  similar 
to  table  Xo.  5  for  each  sample.  It  will  be  noticed  that  in  a 
general  way  wrought  iron  conducts  the  magnetic  lines 
about   twice  as  well  as  cast  iron. 

When  formula  (5)  is  revised,  so  as  to  introduce  the  per- 


a.  t.  X  A  X  u 

meability  of  the  Iron,  it  becomes  N  equals '- (4A) 

1  X  .3132 


in  which  u  represents  the  value  of  the  permeability. 

We  will  now  take  an  example  and  calculate  the  ampere 
turns  required  to  force  a  given  number  of  magnetic  lines 
through  the  various  parts  of  the  magnetic  circuit.  We  will 
select  the  Edison  type  of  bi-polar  dynamo  for  thi§  calcula- 
tion. The  easiest  way  to  make  this  calculation  is  to  find 
the  number  of  ampere  turns  required  in  each  part  of  the 
magnetic  circuit  and  add   together  the  numbers   so  found. 

In  this  example  we  will  find  .the  number  of  ampere 
turns  required  in  the  yoke,  which  is  of  wrought  iron,  next 
that  required  in  each  magnet  core,  next  that  required  in 
c^'ich  pole  piece,  then  that  required  in  one  air  gap  and  last 
that  required  in  the  armature  iron. 

In  Fig.  26  the  dimensions  of  the  parts  have  been  indi- 
cated and  the  approximate  length  of  the  average  magnetic 
line  is  shown.  Let  us  suppose  that  4,500,000  magnetic  lines 
flow   through   the   magnetic  circuit  of  this  dynamo.     This 
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will  cause  4,500,000  divided  by  54,  or  83333,  to  flow  per  square 
inch  throug"h  the  yoke.     The  following  formula  may  be  de- 

Xxlx  .3132 

duced    from    formula    4:     A.    t.    equals (5),    in 

A  X  u 

which  X  equals  the  total  flow  of  mag-netic  lines  in  the  part 
of  the  magnetic  circuit  considered,  1  equals  length  in  inches 
of  this  part  of  the  magnetic  circuit,  A  equals  area  in  square 
inches  of  this  part  of  the  'magnetic  circuit;  u  equals  the 
permeability  of  this  part  of  the  magnetic  circuit,  with  the 


Figure  26 
Magnetic  circuit  of  Edison  bipolar  dynamo. 
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]}articular  vahie  of  jS  that  may  exist  and  the  value  of  u  must 
in  each  case  be  found  from  the  table.  Substituting  these 
quan»tities  in  formula  (5)  we  ha\'e  X  equals  4,500,000;  1 
equals  22  inches;  A,  or  the  area  of  the  cross  section  of  the 
inag-netic  circuit  in  square  inches,  which  in  this  case  equals 
G  multiplied  hy  9,  or  54;  and  u,  or  the  permeaibility,  equals 
1107.  This  is  found  by  consulting  the  table,  in  which  it  is 
seen  that  the  permeability  of  wrought  iron  equals 
1260  at  80,000  lines  per  square  inch.  Tha-t  the  permeability 
at  85,000  lines  per  square  inch  is  1030.  The  permeability 
of  83,333  lines  will  be  approximately  2-3  the  difference  be- 
tween these  two  permeabilities,  or  1260 — 153  or  1107. 

4,500,000x22x.3132 

a.  t.  equals equals  520 

54x1107 

The  a.  t.  required  in  the  magnet  core  will  be  found  by 
substituting  for  N,  4,500,000  as  before,  for  1  or  length  of 
this  part  of  th^  magnetic  circuit,  10  inches. 

For  A,  or  the  cross  section  of  the  magnetic  circuit  at 
this  point,  we  have  50.26  square  inches,  which  is  the  area  of 
a  circle  8  inches  in  diameter. 

To  ascertain  the  value  of  u  it  is  necessary  to  find  out 
how  many  lines  per  square  inch  flow  through  the  magnet 
core.  In  order  to  do  this,  divide  4,500,000  by  50.26,  which 
gives  89,534  lines  per  square  inch.  This  is  sufficiently  close 
to  90,000  lines  to  take  the  permeability  of  90,000  lines  from 
the  table,  and,  substituting  830  for  the  value  of  u,  we  'have 

4,500,000xl0x.3132 

a.  t.  equals equals  338 

50.26x830 
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Next  we  take  up  the  number  of  a.  t.  required  in  the 
pole  piece.  This  is  of  cast  iron  and  the  area  of  cross  sec- 
tion is  indicated  in  the  sketch  as  being  12  inches  x  12  inches, 
or  144  square  inches. 

The  flux  per  square  inch  is  4,500,000  divided  by  144 
equals  31,250.  The  ampere  turns  in  this  part  of  the  mag- 
net circuit  would  be 

4.500.000xl2x.3132 

a.  t.  equals equals  221 

144x532 


The  ampere  turns  required  in  the  air  gap 


are 


4,500,000xlx.3132 

a.  t.  equals equals  10,213 

138x1 

The  air  gap  in  an  actual  dynamo  is  partly  filled  with 
copper  wire  and  insulation,  but  this  conducts  magnetic  lines 
no   better  than    air. 

The  area  of  the  air  gap  is  calculated  on  the  assumption 
that  the  pole  pieces  embrace  two-thirds  of  the  circumfer- 
ence of  the  armature.  As  per  the  sketch,. the  pole  piece  is 
12  inches  long  and  the  average  diameter  ot  the  air  gap  is 
11  inches,  and  the  circumference  of  a  circle  11  inches  in 
diameter  is  34.54  inches.  One-third  of  this  is  11.5  and  the 
area  of  the  air  gap  is  11.5x12  equals  138  square  inches. 

It  will  be  noticed  that  the  numoer  of  ampere  turns  re- 
quired in 'the  air  gap  is  vastly  greater  than  that  required 
in  any  other  part  of  the  magnetic  circuit,  and  is  a  good 
example  of  how  much  better  a  conductor  of  magnetic  lines 


Iron   is   than    air  or  iiv.y   ordinary   matfrial.        The   ampere 
turns  required  in  the  armature  iron  are 

4,500,000x9x.3132 

a.  t.  equals equals  84 

72x2077 

In  this  part  of  the  circuit  the  area  of  cross  section 
of  the  mag-netic  circuit  is  taken  as  6  multiplied  'by  12  inches 
equals  72  square  inches,  because  the  shaft  is  4  inches  in 
diameter,  and  for  reasons  that  will  appear  later  the  lines 
cannot  flow  across  the  shaft  when  the 'armature  is  in  motion. 

There  are  two  coils  on  the  dynamo,  one  on  each  magnef 
core,  and  each  of  these  tw^o  are  of  equal  power  and  each 
does  half  the  work  of  driving  the  magnetic  lines  around 
the  circuit.  If  we  wi^h  to  find  the  nu-miber  of  ampere  tairas 
that  each  should  supply,  w^e  must  add  tog-ether  half  those 
required  for  the  yoke,  all  in  one  luaignet  core,  all  in  one 
pole  piece,  all  'n  one  air  gap,  and  half  those  in  the  armature 
iron.     Gathering  these  results  together,  we  have: 

Half  a.  t.  required  in  yoke 260 

All  a.  t.  required  in  magnet  core......       338 

All  a.  r.  required  in  pole  piece 221 

All  a.  t.  required  in  one  air  gap 10,213 

Half  a.  t.  required  in  armature  iron..         42 

Total  a.   t.  required   in  half  of  mag- 
netic circuit 1 1.074 

Each  of  the  two  coils  will  then  be  required  to  produce 
11,074  ampere  turns  in  order  to  force  4,r)0().()0()  magnetic 
lines  around  the  miagnetic  circuit. 
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The  method  of  calculating  the  size  of  wire  required  in 
the  coil  to  produce  this  number  of  ampere  turns  will  be 
explained  in  one  of  the  succeeding  chapters. 

The  Edison  type  of  dynamo  is  an  excellent  example  of 
the  older  style  of  d^ynamos  that  were  built  eight  or  ten 
years  ago.  The  prevailing  style  for  large  machines  at  the 
present  time  has  the  multipolar  field  and  ironclad  armature. 

The  ironclad  armature  is  well  adapted  for  all  sizes  of 
machines,  while  the  multipolar  construction  is  especially 
advantageous  in  machines  of  large  output,  but  for  machines 
of  less  than  10  H.  P.  is  not  so  good  as  the  bipolar  construc- 
tion, as  will  be  explained  in  the  chapter  on  Hysteresis  and 
Eddy  Currents. 

Figs.  27  and  28  show  diagrams  of  the  two  styles  of  ar- 
mature in  the  same  field  frame. 


• 

( 

0 

Figure  27 
Smooth  core  armature. 
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The  chief  reason  t'hait  ironclad  armatures  have  come 
into  nse  is  that  by  means  of  this  device  the  magnetic  re- 
sistance of  the  air  gap  is  very  much  reduced. 

The  practical  effect  of  the  introduction  of  the  ironclad 
armature  is  to  make  the  carrying  capacity  of  the  iron  of 
the  magnetic  circuit  .the  limit  of  the  flux  through  the  cir- 
cuit. 


Iron  clad  armature. 


The  resistance  to  the  magnetic  flux  in  the  air  gap  of 
the  ironclad  armature  is  not  over  one-fifth  that  in  a  smooth 
core  armature  of  the  same  capacity.  The  ironclad  arma- 
ture may  be  run  so  that  there  is  only  enough  room  between 
the  armature  iron  and  the  iron  of  the  field  frame  to  perinic 
of  mechanical  rotation. 
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It  will  be  noticed  that  the  wire  on  the  ironclad  arma- 
ture is  buried  in  slots,  cut  in  the  armature.  This  protects 
them  from  mechanical  injury,  and,  more  important  still, 
g-ives  them  perfect  mechanical  support,  so  that  there  is  no 
tendency  to  slide  or  move  from  their  places  as  there  is  in 
the   smooth   core   armature. 

'Practically  all  of  the  magnetic  tlux  that  ])asses  into  the 
armature  must  o-et  thron^^h  the  bottom  of  the  iron  teetli  of 
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Figure  29 

Magnetic  circuit  of  5  H.  P.  Inpolar  iron  clad  armature 
5  H.  P.  motor,  cast  iron  field  frame. 
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the  armature,  and  the  area  of  this  part  of  the  magnetic  cir- 
cuit determines  the  total  flux  that  can  be  used. 

We  will  now  calculate  the  ampere  turns  required  in  a 
bi-polar  machine  with  an  ironclad  armature,  and  also  the 
ampere  turns  required  in  a  six-pole  field  -with  ironclad  ar- 
ma/ture. 

The  bipolar  machine  is  shown  in  Fig.  29  and  the  dimen- 
sioms  are  those  actually  used  in  a  5  H.  P.  motor. 

It  will  be  noticed  that  in  this  machine  the  yoke  is  in 
^wo  parts  and  half  of  the  flux  flows  through  each  part. 

The  frame  is  so  designed  that  the  flux  is 
most  dense  in  the  frame  in  the  pole  pieces. 
The  area  of  the  pole  pieces  is  shown  in  Fig. 
30.  The  area  will  be  9x5 i/o  or  49%,  l^ss  what 
is  cut  off  of  the  corners.  A  circle  3  inches 
in  diameter  has  an  area  of  about  7  square 
inches,  which  is  2  square  inches  less  than  a 
surface  3  inches  square,  so  that  the  area  of 
the  pole  piece  will  be  49 V^  minus  2  equals 
47yo  square  inches. 

This  machine  has  a  flux  of  2,100,000 
lines.  At  this  flux  the  density  in  the  pole 
piece  will  be  2,100,000  divided  by  471/2  equals 
44,200. 

The  averag'e  length  of  the  magnetic  line 
in  each  pole  piece  is  4  inches. 
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Figure  80 

Calculation  of 
irea  of  pole  piece 


The  permeability  of  cast  iron  at  44,200  is  153. 
tuting  in  the  formula  No.   (5)   we  have 


Substi- 


2,100,000x4x.3132 


:i.  t.  equals 


equals  3'61  in  each  magnet  core. 


47.5x153 
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The  flux  in  the  yoke  can  all  be  calculated  at  the  same  time, 
for  the  density  all  through  the  yoke  is  the  same,  and 
consequently  the  value  of  the  permeability  or  u  is  the  same. 
Half  the  length  of  the  yoke  is  very  nearly  12  inches.  The 
flux  is  2400.000  divided  by  (2%xl0x2)  equals  2,100,000  divid- 
ed by  52.5  equals  40,000.  The  permeability  at  40,000  lines 
per  square  inch   in  cast  iron  is  245.     Substituting  we  have 

2,100,000xl2x.?>132 

a.  t.  equals equals  613 

52.5x245 

in    each   half  of    the   yoke. 

The  area  of  the  air  gap  is  not  the  whole  area  of  the  pole 
piece,  for  with  an  air  gap  1-10  inch  long  there  is  a  bunch- 
ing of  the  lines  to  a  greater  or  less  extent,  as  shown  in 
Fig.   31. 

It  is  important  to  calculate  the  area 
of  the  air  gap  carefully,  for  on  this  will 
depend  the  number  of  a.  t.  in  the  air 
gap,  and  this  number  is  much  greater 
than  that  for  any  other  part  of  the 
circuit,  and  an  error  in  this  calculation 
will  have  a  greater  eft'ect  on  the  total 
result  than  in  any  other. 


Fij^ure  31 

Bimchiii^of  maj^notic 
lines  in  air  gap. 


There  are  48  slot's  in  a  disc  ly^ 
inches  in  diameter  and  each  slot  is  .230 
inches  wide;  the  circumference  of  the 
circle  is  23.55.  Each  slot  and  tooth 
take  up  23.55  divided  by  48  equals  .491. 
This  leaves  the  top  of  the  tooth  .491— 

.230  equals  .261  wide.     The  lines  will  spread  from  the  top  of 
the  teeth  to  the  iron  pole  piece.     Each  pole  piece  embracer 
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or  covers  16  teeth.  Experience  teaches  that  it  is  safe  to 
assume  that  the  lines  spread  from  the  top  of  the  teeth,  so 
that  the  top  of  the  tuft  is  equal  in  width  to  the  top  of  the 
tooth  plus  twice  the  width  of  the  air  gap,  but  the  average 
width  will  be  only  half  this.  The  average  width  of  the  tuft 
will  be  .261  plus  .062  equals  .323. 

Since  the  langth  of  tjie  armature  is  51/2  and  there  are 
48  teeth  in  the  armature,  we  have  16  tufts  of  lines  each  5^/^ 
inches  long  x  .323  wide.  The  area  of  the  air  gap  is  then 
16x5. 5x. 323   equals  28.4.     Substituting  we  have 


2,100,000xlx.3132 

a.  t.  equals equals  1446 

28.4x16 


The  magnetic  lines  are  very  much  crowded  in  the  arma- 
ture teeth,  and  the  density  changes  at  each  point  in  the 
length  of  the  teeth,  so  that  theoretically  a  separate  calcu- 
lation would  have  to  be  made  for  each  part  in  the  length  of 
the  tooth.  A  sufficiently  close  approximaition,  however,  may 
be  made  by  making  two  calculations,  one  for  the  ampere 
turns  required  for  a  leng'th  of  l^  inch  at  the  bottom  of  the 
teeth  and  the  other  for  the  rest  of  the  tooth. 

It  is  first  necessary  to  find  the  area  of  the  'bottom  of  the 
teeth. 

The  Slots  are  %  inch  deep,  .230  inches  wide  amd  round 
at  the  bottom.  This  being  iso,  the  narrowest  place  in  the 
tooth  will  be  .750  niinus  .115  equals  .635  from  the  outside  of 
the  disc,  for  there  is  a  circle  .230  in  diameter  at  the  bottom 
of  the  slot. 
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The   circumference  of   a   circle   who'se    peripliery   passes 
through  the  narrowesit  part  of  the  tooth  is 

3.1416x[7.5— .655x2]    equals   8.1416x6.23    equals    19.55. 

1-48  of  this  circumference   equals  .408. 

^408— .230  equals  .178  inches,  which  is  the  width  of   the 
tooth  at  its  thinnest  point. 

The  area  of  the  tooth  at  the  bottom  is  .178x5.5x16  equals 
15.68. 

The  flux  at  the  bottom  of  the  teeth  is  2,100.000  divided 
hj  15.68  equals  134,000. 

The  permeability  at  this   flux  is  30-4-5(30—24)    equals 
25.    -Substituting 

2,100,000xlx.3132 

a.  t.  equals equals  210 

15.68x8x25 

As  indicalcd  above,  the  ampere  turns  in  the  rest  of  the 
tooth  mav  be  found  in  one  calculation.  The  width  of  the 
teeth  m  the  narrowest  place  is  .178  and  in  the  widest  p'.ace 

.261 +.178 

is   '^61      The  average  width  is  then equals  .219. 

2 

The  average  area  of  the  teeth  w^ill  be 

.219x5.5x16  equals  19.3  square  inches. 

This  area  gives  a  flux  of  2,100,000  divided  by  19.3  equals 
109,000,  and  the  (permeability  of  this  density  is  280—4-5 
(280—175)    equals  195.     Substituting  we  have 

2,100,000x5x.3132 

a.  t.  equals equals  108 

19.3x8x198 

The  last  calculation  to  make  is  ampere  turns  required 
for  the  armature  iron. 
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The  area  of  iron  carrying'  lines  is  5i/>x[7^ — (lV;>^-iyi)  I 
equals  4%xr)i/,  equals  26.1. 

The  flux  will  be  2,100,000  divided  by  26.1  equals  80,500. 

The  permeability  of  this  density  equals  1,237. 

The  a.  1.  required  for  armature  iron 

2,100,000x5x.81*J2 

a.  t.  equals . equals  102 

26.1x1237 

CollectiLig-  our  results  we  have: 

A.  t.  required  in  each  magnet  core 361 

A.  t.  required  in  each  half  of   yoke 613 

A.  t.  required  in  each  air  gap   1,446 

A.  t.  required  in  bottom  of  teeth  on  one  side..     210 

A.  t.  required  in  body  of  teeth  on  one  side 108 

A.  t.  required  in  half  armature  iron 51 

A.  t.  required  in  half  magnetic  circuit 2,789 

We  must  then  have  two  coils  each  with  a  magnetizing 
power  of  2,789  ampere  turns,  or  one  coil  with  a  magnetizing 
power  of  twice  this,  in  order  to  force  2,100,000  lines  around 
the  circuit.  It  will  be  noticed  that  the  number  of  ampere 
turns  required  in  the  air  gap  is  over  one-half  the  total  am- 
pere turns  required.  A  little  thought  will  show  also  that  a 
small  decrease  in  the  flux  would  decrease  the  mas'netizino- 
power  very  greatly,  and,  if  it  was  necessary  to  force  a  little 
more  flux  through  the  circuit,  a  great  deal  more  magnet- 
izing power  would  be  required.  This  is  because  the  iron 
in  the  motor  just  calculated  is  almost  saturated,  and  in 
>ome  parts  of  the  circuit  is  saturated.     A  small  decrease  in 
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the  flux  would  very  greatly  increase  the  permeability  and 
so  decrease  the  magnetizing*  power  required  in  these  parts  of 
the  iron  magnetic  circuit. 

It  will  be  seen  that  it  is  not  possible  to  obtain  exact 
results  in  making  these  calculations,  for  the  permeability 
of  the  actual  iron  may  be  more  or  less  than  that  given  in 
the  table. 

It  will  usually  be  found  that  the  table  is  a  little  high 
for  wrought  iron  and  cast  steel  and  about  right  for  good 
soft  sheet  steel.  The  writer  has  used  samples  of  cast  iron 
that  were  better  than  those  given  in  the  table,  and  also 
some  that  were  worse.  It  is  easy  to  get  cast  iron  as  good 
as  that  shown  in  the  table. 

An  equally  close  approxiraation  to  the  aaipere  turns 
required  in  the  iron  part  of  a  machine  rnay  be  had  by  taking 
the  ampere  turns  required  for  one  inch  of  iron  at  a  density 
given  by  the  table. 

Use  the  density  closest  to  the  one  required,  and  if  any 
mistake  is  made,  make  the  result  too  large  rather  than  too 
small. 

Tlie  ampere  turns  required  in  the  magnetic  circuit  of 
the  six-pole  machine  show-n  in  Fig.  31  has  been  obtained  in 
this  way. 

These  figures  are  taken  from  a  Westinghouse  100  K.  W. 
dynamo. 

In  this  machine  we  will  make  six  calculations,  for  the 
pole  pieces  are  made  of  thin  pieces  of  sheet  iron  riveted 
together.  This  makes  the  pole  piece  wrought  iron  and  the 
yoke  cast  iron,  and  thus  requires  two  calculations  for  this 
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part  of  the  magnetic  circuit.     In  these  calculations  the  fol- 
lowiug-  notation  will  be  used: 

O  equals  number  lines  per  square  inch. 

L  equals  average  length  of  magnetic  circuit  in  the  part 
of  machine  under  consideration. 

A  equals  cross  sectional  area. 

u  equals  permeability. 


Figure  32 
Magnetic  circuit  of  a  100  K.  \V.  Westinghouse  dynamo. 
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a.   t.   equals  ampere   turns. 
For  the  laminated  pole  piece 

2,500,000 
O  equals eqnals  55,000 

L  eqnals  7. 

A  eqnals  4514  sqnare  inches. 

n  eqnals  2331. 

From  table  Xo.  5  it  is  fonnd  tliat  it  will  take  7.53  a.  t. 
^t  this  valne  of  n  to  force  the  lines  through  one  inch  of  the 
iron;  therefore  it  will  take  7x7.53  equals  53  a.  t.  to  force  the 
lines  through  the  'whole  of  L. 

For  tfie  yoke   which  is  of  cast  iron 

A  equals  40  square  inches. 

L  equals  lOy^  inches.    * 

2.500,000 

O  equals  — —  equals  31,26;} 

2x40 

a.  t.  per  inch  equals  19.1. 

Total  a.  t.  equals  10.5x19.1  equals  200. 

For  the  air  gap: 
L  equals  %  inch. 
Width  of  top  of   tooth 


20x3.1416 

_.359  equals   .53? 
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Number  of  teeth  under  each  pole     7.4. 

Averaige  width  of  air  space  between  one  tooth  and  pole 
face  equals  .539-I-.125  equals  .664. 

A   equals  .664x7.4x7   equals  34.4. 

2,500,000 

O  -equals equals  72680 

34.4 

More  accurate  results  will  be  obtained  by  using  formula 
(5)  in  calculating-  the  a.  t.  in  the  air  gap,  for  in  this  part  of 
the  mag'uetic  circuit  there  is  no  value  of  u  to  be  inserted. 
Substituting"  in  formula  5  -the  a.  t.  required  for  the  air  gap 
is  found  to  be 

2,500,000xlx.3132 

a.  t.  pqnals equals  2845 

34.4x8 

A.  t.  required  in  Vg  inch  at  bottom  of  tooth. 

Ti  equals  V^  inch. 

Diameter  of  circle  through  the  thinnest  part  of  tooth 
equals  20 — 5-|-.'')59  equals   15.359  inches. 

Width  of  tooth  here 


^,.1416x15.359 


.359  equals  .332 
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A  equals  .332x7.1x7  equals  17.3. 

2,500,000 

O  equals  — ■ e(iuals  144,500 

17.3 
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144,500  lines  per  square  inch  is  beyond  the  limits  of  the 
table,  but  it  will  require  about  as  many  more  ampere  turns 
per  inch  over  7777  as  the  difference  between  the  a.  t.  re- 
quired at  135,000  and  140,000,  or  77774-(7777— 5626)  equals 
9928.     Hence 

A.  t,  equals  %x992S  equals  1242. 

A.  t.  ijequirfd  in  remainder  of  tooth: 

L  equals  2.5—%  equals  23/^. 

(.3324.539) 
A  equals x (7.4x7)  equals  22.5  square  inches. 


2,500,000 

O  equals equals  111.110. 

22.5 

A.  t.  equals  2%x207  equals  492. 

A.  t.  required  in  rest  of  armature  iron: 

If  the  shaft  and  spider  are  10  inches  in  diameter,  tho 
ai^ea  of  armature  iron  carr^-iug^  lines  equals  20 — (5  |-10)x7 
equals  5x7. 

A  equals  5x7  equals  35. 

L  equa'ls  3^/,  in  one-half  of  armature. 

2,500,000 

O  equals equals  71,500. 

35 

A.  t.  equals  3i/,xl3.6  equals  47. 

76  : 


Summarizinof  our  results  we  have: 


n 


A.  t.  in   one   pole  piece 53 

A.  t.  in  yoke 200 

A.  t.  in  air  gap 2,845 

A.  t.  in  bottom  of  teeth 1,237 

A.  t.  in  body  of  teeth 492 

A.  t.  in  armature  iron 47 

Total    4,874 

The  coil  on  each  pole  piece  will  have  to  be  capable  of 
producing  4,874^  ampere  turns  in  order  to  foroe  2,500,000 
lines  through  each  one  of  the  six  magnetic  circuits. 
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QtlliiSTrOXS  ox  CHAPTEK  IV. 


1.  On  wha.t  does  the  streno-th  of  a  helix  carryiiiiJ-  a  cur- 
rent depend? 

2.  Is  there  any  relation  between  the  number  of  mao-- 
netic  lines  generated  by  a 'current  in  a  helix,  the  mag-netiz- 
ing  power  of  the  helix  and  the  magnetic  reluctance  offered 
by  the  path  which  the  lines  take?      If  so,  ^\ihat? 

3.  If  the  equation  of  a  magne-tic  circuit  be  compared 
to  Ohm's  law  what  quantity  in  the  magnetic  circuit  corre- 
sponds to  the  curreiit?      What  corresponds  to  the  voltage? 

4.  To  what  is  the  magnetic  resistance  of  a  circuit  pro- 
portional? 

5.  What  is  the  effect  of  the  introduction  o-f  iron  into 
a  helix? 

V).  Wihy  is  it  tliat  a  nuinber  of  magnetic  lines  traversing 
a  circuit  is  increased  more  by  placing  a  ])iece  of  iron  inside 
the  heJix  than  by  filling  the  space  around  the  outside  of  the 
helix  with  iron? 

T.  How  many  magnetic  lines  will  flow  through  a  helix 
three  inches  in  diameter  and  five  and  one-half  inches  long 
upon  the  su])position  that  the  magnetic  lines  me^t  w^ith  no 
resistance  excejit  that  encountered  passing  through  the  in- 
side of  the  helix;  the  helix  has  ninet3^-five  turns  and  fifteen 
amperes? 

S.  If  the  number  of'amperes  in  the  helix  in  No.  7  be 
increased  to  twenty-one  how  many  magnetic  lines  will  flow? 
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9.  What  is  permeability? 

10.  Why  is  it  true  that  Formula  No.  4  is  not  true  when 
iron  is  used  in  the  magnetic  circuit? 

11.  When  is  the  permeability  of  iron  low? 

12.  When  iron  contains  a  great  many  magnetic  lines 
what  is  said  of  its  magnetic  condition? 

13.  Why  is  it  that  the  magnetic  circuit  of  a  dynamo  is 
almost  entirely  composed  of  iron? 

14.  How  is  the  permeability  table  obtained? 

15.  What  may  be  said  in  a  general  way  of  the  permea- 
bility of  wrought  iron,  common  sheet  iron,  boiler  plate  and 
cast  steel? 

16.  Is  table  No.  4  an  exact  representation  of  the  per- 
meability of  any  particular  sample  of  wroug^ht  iron  or 
steel? 

17.  In  a  general  way  what  are  the  permeabilities  of 
cast  and  wrought  iron? 

18.  In  calculatingthe  number  of  ampere  turns  required 
for  a  magnetic  circuit  why  is  it  usual  to  calculate  tihe  num- 
ber in  each  part  of  the  circuit  and  add  them  together? 

19.  How  many  ampere  turns  will  be  required  to  force 
1.300,000  lines  around  the  magnetic  circuit  s'hown  in  Fig.  33? 

20.  Give  ampere  turns  required  in  half  of  yoke,  in  pole- 
piece,  air  gap,  body  of  armature  teeth,  neck  of  armature 
teeth  and  in  armature. 

21.  How  many  ampere  turns  will  be  required  in  each 
field  coll  in  Fig.  32,  provided  2,300,000  lines  of  force  flow? 
Give  ampere  turns  in  each  part  of  the  magnetic  circTiit  as  in 
preceding  question. 
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22.  Why  is  it  necessary  to  be  more  careful  In  calculat- 
ing the  dimensions  of  the  air  gap  than  with  other  parts  of 
the  magnetic  circuit? 

■  23.  If  a  field  core  is  made  of  cast  steel,  what  will  be  its 
sectional  area  as  compared  with  a  core  made  of  cast  iron 
capable  of  carrying' the  same  number  of  lines? 

24.  How  many  ampere  turns  will  be  required  to  force 
1.000,000  lines  around  a  ring  averaging  one  foot  in  diameter, 
having  a  sectional  area  three  and  one-half  inches  in  diame- 
ter? 


25.  What,  besides  iron,  are  the  magnet ic  metals? 

26.  Are  the  copper  and  insulation  nsed  on  an  armaturp 
more  permeable  than  the  air  which  they  displace? 

27.  What  is  a  smooth  core  armature? 

28.  What  are  the  advantages  of  iron  clad  armatures? 

29.  What  is  the  effect  of  using  a  toothed  armature  on 
the  distribution  of  lines  of  force  passing  from  the  pole 
piece? 

30.  What  is  the  area  of  the  air  gap  in  a  dynamo  having 
thirty-six  teeth  in  the  armature,  one-third  of  the  armature 
teeth  under  each  pole;  the  armature  teeth  .310  inches  wide 
at  the  top,  the  air  gap  one-sixteenth   of  an  inch  wide  and 


five  inches  long"? 


31.  How  many  ampere  turns  w^ill  be  required  in  the 
air  gap  to  produce  a  flux  of  5,000  lines  crossing  the  air  gap 
between  the  poles  of  a  horseshoe  magnet  and  its  armature 
where  the  area  of  the  face  of  the  magnet  is  one-half  of  one 
square  inch  and  the  air  gap  is  one-fourth  of  an  inch  lono-v 

to  • 

32.  What  is  tlie  usual  flux  employed  in  the  bottom  of 
armature  teeth? 

33.  What  will  be  the  effect  of  reducing  the  ampere 
turns  ten  per  cent,  in  the  motor  shown  in  Fig.  29? 

34.  Why  is  it  that  the  number  of  magnetic  lines  which 
flow  through  an  air  gap  is  proportional  to  the  ampere  turns 
acting  on  the  air  gap,  while  the  number  of  magnetic  lines 
flowing  through  the  rest  of  the  magnetic  circuit  is  not  pro- 
I)ortional  to  the  ampere  turns? 

35.  Why  is  it  impossible  to  obtain  absolutely  correct 
results  in  calculating  the  ampere  turns  required  for  the 
ampere  turns  of  a  magnetic  circuit? 
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CHAPTER  V. 


MAGNETIC  TRACTION. 


It  is  a  well-known  fact  that  the  north  and  south  poles 
of  two  magnets  attract  each  other.  In  fact,  the  magnetic 
lines  act  as  if  they  were  elastic  cords  that  always  tend  to 
shorten  themselves.  When  a  great  number  of  the  magnetic 
lines  flow  across  a  given  space  the  attraction  is  ver^'  strong. 

Ewing,  in  some  of  his  experiments,  pushed  the  mag- 
netis,m  of  a  piece  of  soft  iron  to  such  a  point  that  the  pres- 
sure due  to  the  magnetic  attraction  was  1,000  pounds  per 
square  inch. 

Table  No.  6  gives  the  pull  between  a  magnet  and  its 
armature  w^hen  the  given  fluxes  pass.  The  formula  froQi 
which  this  table  was  calculated  is 


B-A 

rail  in  pounds  equals (G) 

72,134,000 


in  which  B  equals  the  flux  in  lines  per  square  inch,  A  equals 
the  area  of  cross  section  betw^een  magnet  and  armature  in 
square  inches. 
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TABLE  Xo.  VII. 

Flux  per  sq.  in.  between  Pull  in  lbs.  per  sq. in.  between 

armature  and  magnet.  armature  and  magnet 

5,000  .34 

10,000  1.4 

15,000  3.1 


O.D 


20,000 

25,000  8.7 

30,000  12.5 

35,000  20.0 

40,000  22.2 

45,000  28.1 

50,000  34.6 

55,000  41.9 

60,000  49.9 

65,000  58.5 

70,000  67.9 

75,000  78.0 

80,000  88.7 

85,000  100. 

90,000  112. 

95,000  125. 

100,000  138. 

105,000  153. 

110,000  168. 

115,000  133. 

120,000  199. 

125,000            •  216. 

130,000  234. 

135,000                                          •  252. 

140,000  272. 
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Figure  33a 

Bpst  forms  of  mcigiiet  for 
lifting  purposes. 


The  best  form   of   magnet   for   traction   or   lifting   pur- 
})Oses  is  shown  in  Fig.  33a. 

Fig.  33a  shows  a  crosis  sec- 
tion of  a  magnet  and  its  ar- 
mature. In  this  case  it  is  de- 
sired to  force  a-s  many  lines 
of  force  as  possible  across  the 
joint  between  the  armature 
and  magnet  and  also  to  re- 
duce   this   area     as     much     as 

possible,  for  it  must  be  Kep':  in  mind  that  if  we  can  get  the 
same  flux  across  a  joint  that  has  an  area  of  6  square  inches 
as  flows  across  another  joint  having  an  area  of  12  square 
inches,  the  pull  in  pounds  in  the  first  case  will  be  twice 
what  it  would  be  in  .the  second  case.  This  is  beca-u-se  the 
pull  is  proportional  to  the  square  of  the  number  of  lines 
per  square  inch  flowing. 

A  magnet  shaped  as  in  Fig.  33a  is  easily  and  cheaply 
made  and  by  its  s.liape  protects  the  winding  inside  it. 

The  writer  designed  a  set  of  magnets  for  fastening  a 
drillins"  machine  to  the  bottom  or  sides  of  an  iron  vessel. 
These  magnets,  which  would  lift  from  1,000  to  1,200  pounds 
each,  weighed  11   pounds  each. 

A  flux  of  140,000  lines  is  as  high  as  it  is  possible  to  go 
with  ordinary  steel,  and  higher  than  some  steels  will  carry. 
Assuming"  that  we  have  steel  that  will  carry  140,000  lines, 
we  would  have  a  pressure  of  272  pounds  per  square  inch. 
Allowing  100,000  lines  per  square  in.  in  the  rest  of  the  mag- 
netic circuit  and  140,000  at  the  joint  between  the  armature 
and  field,  what  will  be  the  lifting  power  of  a  magnet  9 
inches  in   diameter? 


84 


First,  assume  the  magnetizing  coil  to  be  one  inch  wide 
by  two  inches  deep.      (Fig.  83b).  ^"^'" 

The  sizes  must  be  so  selected 
that  the  area  of  the  outside  of 
the  magnet  equals  that  inside 
the  magnet,  for  as  many  lines 
i>aiss  into  the  armature  outside 
the  coil  as  pass   out   of  it   inside  Figure  33b 

^^^   ^^^^'  Pull  of  iron  clad  magnet. 

The  sizes  indicated  do  this  very  nearly;  the  area  of 
each  part  is  equal  to  the  area  of  a  circle  514  inches  in  diam- 
eter. Table  Xo,  8  gives  this  as  21.65  square  inches.  At 
100,000  lines  per  square  inch  there  w^ould  be  2,165,000  linens 
in  the  magnet. 

If  the  surface  is  cut  aw-ay,  as  indicated,  so  as  to  compel 
the  lines  to  pass  into  the  armature  at  a  density  of  140,000 
lines  per  square  inch,  the  area  of  contact  will  be 


21.65x10 

equals  15.5  sq.  in. 

14 


As  the  pull  across  this  surface  is  272  pounds  per  square 
inch,  the  total  pull  on  both  poles  of  the  magnet  will  be 
15.5x272x2  equals  8,432  pounds. 

The  thickness  of  the  armature  should  be  such  that  the 
lines  as  they  flow  from  the  outside  toward  the  center,  as 
shown  in  the  sketch,  should  never  be  crow^ded  to  more  than 
100,000  lines  per  square  inch.  In  the  magnet  shown  in  Fig. 
33b,  'the  point  in  the  armature  at  which  the  lines  will  be 
most  crowded  will  be  a  circle  514  inches  in  diameter  directly 
under  the  south  pole  of  the  magnet. 
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The  surface  across  which  the  lines  pass  is  an  area  eqxial 
to  the  circumference  of  a  circle  S^i  inches  in  diameter  or 
16.5  inches  x  the  thickness  of  the  armature.  Since  the  area 
will  -have  to  be  21.65  square  inches  the  thickness  will  be 
21.65  divided  by  16.5,  or  very  nearly  1  5-16  inches. 

A  magnet  of  this  shape  is  used  in  some  of  the  electric 
brakes  used  on  some  of  the  suburban  cars. 

Here  the  aarmature  constitutes  part  of  the  wheel  on 
which  the  car  runs,  and. the  magnet  is  stationary. 

When  current  is  thrown  into  the  magnet  it  attracts  the 
armalure  or  wheel,  thus  tending  to  lock  the  wheel. 

There  is  enough  residual  magnetism  dn  the  iron  to  hold 
the  car  at  a  standstill  on  an  ordinary  grade  without  the 
use  of  hand  brakes. 

Magnets  are  coming  into  general  use  for  many  pur- 
poses. They  are  used  in  some  rolling  mills  for  handling 
heavy  steel  ingots  amd  for  loading  bo'ilefr  plate  oai  to  oars, 
and  will  doubtless  find  a  greater  use  as  their  capabilities 
become  better  known. 
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QUESTIONS  ON  CHAPTER  V. 


1.  What  is  magnetic  traction? 

2.  How  great  a  pressure  per  square  inch  has  'been  pro- 
duced hy  magnetic  traction? 

3.  Suppose  only  a  small  number  of  ampere  turns  can 
be  secured  to  attract  an  armature,  why  is  it  that  enlarging 
the  pole  pieces  and  armature  and  therefore  the  air  gap  in- 
creases the  pull?  , 

4.  Why  is  it  that  the  area  of  contact  between  the  arm- 
ature and  magnet  in  Fig.  33a  was  reduced  in  order  to  in- 
crease the  magnetic  traction? 

5.  A  certain  wheel  on  an.  inter-ui^ban  istreet  car  has  a 
weight  on  it  of  five  tons,  a  press  of  one  and  one-half  tons 
is  required  on  the  shoe  brake  in  order  to  make  this  wheel 
slide  on  the  rail;  design  as  light  a  magnet  as  possible,  one 
foot  or  less  in  diameter,  trhat  will  give  the  pressure  between 
magnet  and  car  wheel  when  car  wheel  is  used  as  the  arma- 
ture to  make  the  wheel  slip  on  the  track. 

6.  A  'solenoid  of  the  shape  shown  in  .Fig.  33c  h'ais  am 
armature  shaped  like  a  horseshoe;  how  many  amperes  will 
have  to  flow  through  the  solenoid  in  order  to  lift  100  pounds 
provided  the  iron  core  of  the  solenoid  is  two  inches  in  diam- 
eter and  there  is  a  space  of  one  inch  between  the  stationary 
and  movable  iron  parts  of  the  magnetic  circuit? 

.    '     .  S7 


7.  What  is  the  best  shape  for  a  magnet  for  lifting  pur- 
poses? 

8.  How  many  ampere  turns  will  be  required  to  produce 
a  lifting  power  of  2,5TrO  pouncis  in  an  iron  c^d  magnet  six 
inches  in  diameter,  provided  the  slot  for  the  coil  is  three- 
fourth  inches  wide  and  the  surface  between  the  armature 
and  the  magnet  is  80  per  cent,  of  the  sectional  area  of  the 
magnet? 
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CHAPTER  VI. 


MAGNETIC   LEAKAGE. 


In  dealing  with  -the  calculation  of  the  mag-netic  circuit 
it  must  be  clearly  kept  in  mind  that  aM  the  magnetic  lines 
do  not  pass  through  the  magnetic  circuit  as  calculated. 
The  air  will  carry  lines  of  force  and  does  carry  a  great 
many.  The  magnetic  lines  that  are  generated  by  the  held 
coils  and  that  do  not  pass  around  the  magnetic  circuit  and 
through  the  armature  are  called  leakage  lines.  It  is  much 
as  if  the  electric  circuit  (in  Fig.  34)  of  a  battery  should  be 


(^ 

-i 

-^              MERCURY     BATH 

^T  \     1    :!■ 

Figure  J^ 

Electric  leakage  that  would  take  place  if  the  electric 
circuit  was  immersed  in  mercury. 


immersed  in  mercury.  The  mercury  is  not  nearly  so  good  a 
conductor  as  the  copper  wire,  but  still  a  goodly  portion 
would    leak    ofe    through    the    mercury    and    more    current 
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would  have  to  be  j^roduced  than  just  enoug^h  to  supply  the 
mag  net  at  the  end  of  the  circuit. 

In  the  two  fig-ures   (35  and  36)  are  shown  the  paths  of 
the  leakage  lines  in  two  styles  of  dja«mo. 


Figure  35 
Magnetic  leakage  in  "bipolar  dynamo,  horseshoe  type. 


In  the  "nidison  machines  as  actually  made  the  leakag-e 
coefficient  is  1.4.  That  is,  out  of  140  lines  produced  in  the 
field  cores  onl}^  100  pass  throug-h  the  armature. 

In  the  other  style  of  bipolar  machine  the  leakage  co- 
etficient  is  less  than  1.1.  The  reason  that  it  is  so  much 
lower  is  that:  only  a  small  surface  of  fully  charged  pole  is 
exposed    to   the   air. 
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In  the  case  of  the  Edison  dynamo  (Fig.  35)  the  very 
large  pole  pieces  N.  and  S.  are  exposed  to  the  air  and  al- 
most the  full  number  of  ampere  turns  tend  to  drive  lines 
from  N.  to  S.  through  the  air  gap  and  armature  and  also 
through  the  air.  In  Fig.  36  not  1-10  the  surface  in  propor- 
tion is  exposed  for  leakage. 


Figure  36 
Magnetic  leakage  in  internal  pole  bipolar  frame. 


Another  gu  it  advantage  of  the  internal  pole  type  is 
that  what  leakage  there  is  is  inside  the  machine,  where  it 
is  not  apt  to  draw  wire  nails  and  bits  of  iron  dust;  but  in 
the  case  of  the  Edison  dynamo  the  magnetic  leakage  will 
attract  all  the  iron  that  comes  in  its  neighborhood,  and 
there  is  danger  of  pieces  of  iron  being  drawn  into  the  arma- 
ture. 
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TABLK  Xo.  VITT. 


mnoraius  of  magnHic  circuits  of  several  dynamos  and  their 
leakag-e  coefficients. 


Diagram  of  magnetic  circuit  of  Edison  dynamo. 
^  T,pnkfl£r.^  coefhcient  1.4. 


Leakage  coefhcient 


Diagram  of  magnetic  circuit  of  TU.  bipolar  dynamo. 
Lfakage  coetticient  l.rf. 


«!»» 


Diagram  of  magnetic  circuit  of  Wesiinghouse  4-pole  dynam 
Leakage  coefficient  1.1. 


1). 
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Diagram  of  magnetic  circuit  of  Lincoln  2-pole  dynamo. 
Leakage  coefficient  LI. 


Diagram  of  magnetic  circuit  of  G.  E.  14  pole  alternator  dynamo. 
Leakage  coefficient  1.25. 


Diagram  of  magnetic  circuit  of  Siemans  &  Halske  dynamo; 
4-pole  tieJd  inside  armature.    Leakage  coefficient  1.08. 


Diagram  of  magnetic  circuit  of  Manchester  type. 
Leakage  coefficient  1.5. 
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QUESTIONS  OX  CHAPTER  VI. 


1.  What  is  magnetic  leakage? 

2.  What  is  the  relative  conductivity  of  air  and  iron  as 
used  in  a  dynamo  for  magnetic  lines? 

3.  How  is  it  possible  to  design  a  machine  so  that  the 
magnetic  leakage  will  'be  reduced  to  a  minimum? 

4.  Why  is  it  that  an  Edison  dynamo  has  so  many  more 
le^akage  lines  than  an  internal  pole  machine  such  as  show^n 
in   Fig.  36? 

5.  In  Fig.  25  it  was  assumed  that  all  the  lines  flowed 
throug'h  the  iron  teeth  into  the  armature.  How  many  lines 
will  leak  through  the  slots  occupied  by  the  wire? 

6.  How  manj^  lines  will  leak  across  the  sj^ace  in  which 
the  armature  revolves  if  the  armature  is  removed  in  Fig.  29? 

7.  Why  is  it  that  there  is  such  a  great  amount  of  mag- 
netic leakage  and  so  small  an  amount  of  electric  leakage  in 
ordinary  circuits? 

8.  Does  the  fact  that  a  dynamo  has  great  magnetic 
leakage  impair  its  efficiency  greatlj'?     If  so,  why? 

9.  Name  other  disadvantages  of  magnetic  leakages. 

10.  What  are  the  advantages  of  the  internal  pole  type 
of  machines  as  compared  ^vith  the  horseshoe  magnet  type? 

11.  What  is  a  coefficient  of  leakage? 
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CHAPTER  VII. 


ENBEGY  IN  ELECTRIC  CIRCUITS. 


It  is  a  well-known  fact  that  when  current  flows  throug^h 
a.n  electric  circuit  in  sufficient  quantity  heat  is  developed. 
The  incandescent  lamp  is  the  most  ordinary  example  of  this. 
Experience  will  prove  that  doubling  the  amount  of  current 
through  a  resistance  without  changing  the  voltage  doubles 
the  heat  produced  in  The  resistance.  Also  doubling  the 
voltage  tending  to  drive  current  through  resistance  without 
changing  the  current  doubles  the  heat  produced.  This 
may  be  very  easily  proved  by  making  the  experiments  indi- 
cated in  Figs.  37,  38  and  39. 

It  is  clear  that  the  energy  dn  the  electric  circuit  is  pro- 
portional to  the  current  and  also  to  the  voltage  or  to  the 
product  of  voltage  and  current. 

Energy  in  an  electric  current  is  measured  in  watts,  and 
we  may  write  watts  equals  amperes  x  volts,  or 

W  equals  CxE   (12) 

Substituting  in  (12)  its  value  from  Ohm's  law  C  equals 

E 
R 


From  Chapter  I  we  have 

E  E2 

W  equals  —  x  E  equals  —  (13). 
R  R 

Again  substituting  in   (12)  the  value  of  E  from  Ohm's 

ciw  equals  CxR. 

W  equals  CxCxR  equals  C^R  (14). 


VOLTS 


Figure  37 
Certain  heat  produced  in  lamp. 


no  VOLTS 
I  AMR 

Figure  38 
Twice  as  much  heat  with  same  voltage  and  twice  the  current. 


20  VOLTS 
>4  AMP. 


Figure  39 

Twice  as  much  heat  as  Figure  37  with  double  voltage 
and  same  current. 
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Pnttins-  (12)— (13)   and  (14)   in  words: 

Watts  equals  amperes  x  volts   (12). 
Watts  equals  (volts  x  volts)  divided  by  ohms  (13). 
Watts  equals  amperes  x  amperes  x  ohms   (14). 
746  watts  equals  one  horse  power. 

These  .formulae  should  be  earefulh^  studied  and  thor- 
ousfhly  committed  to  memory.  Suppose  it  is  required  to 
find  how  many  horse  power  a  certain  motor  is  using  from 
the  circuit  supplying  the  power.  First  measure  the  voltage 
at  which  current  is  delivered,  next  measure  the  current. 

Suppose  the  circuit  supplying  the  power  has  240  volts 
and  that  the  motor  is  taking  15  amperes.  From  formula 
(12)  we  have  watts  equals  240x15  equals  3600  watts.  The 
horse  power  equals  the  watts  divided  'by  746,  or  H.  P.  equals 
3600  divided  by  746  equals  4.83. 

Suppose  the  same  current  was  used  in  a  (heater  or  a 
wire  resistance,  the  resistance  w^ould  be 


E  240 

T\  equals  —  equals  equals  16. 

C  15 


If   now   formulae   12,   13    and   14   are   correct,    all    three 
should  give  the  same  result  in  watts.     We  have 

Amperes  equal    15 

Volts   equal 240 

Ohms  equal    16 

Watts  equal 3600 

97 


Formula  (12)  is  watts  equals  amperes  x  volts  equals 
15x240  equals  3600. 

Formula  (13)  is  watts  equals  (volts  x  volts)  divided  by 

240x240 

ohms  equals equals  3600. 

16 

Formula  (14)  is  watts  equals  amperes  x  amperes  x 
ohms  equals  15x15x16  equals  3600. 

If  the  shunt  field  coil  of  a  dynamo  takes  21/2  amperes  at 
200  volts,  what  is  its  resistance  and  how  many  watts  is  it 
using-? 

E     .  200 

Ohms  equals  —  (3)  equals equals  80. 

C  2.50 

Watts  equals  Ex€  equals  200x2Vo  equals  500  or  about  2-3 
H.  P. 

If  a  series  dynamo  has  10  amperes  flowing  through  its 
field  and  the  resistance  of  the  wire  is  3.6  ohms,  how  many 
watts  is  it  using  and  how  many  volts  are  required  for  this 
part  of  the  circuit? 

Volts  equals  CxVv  (2)   equals  10x3.6  equals  36. 

Watts  eqvials  C^R  equals  10x10x8.6  equals  360,  or  a  little 
more  than  1/0   H.  P. 

Suppose  the  current  in  a  long  distance  power  transmis- 
sion plant  is  300  amperes  and  that  the  voltage  at  the  receiv- 
ing end  is  750  volts  less  than  at  the  sending  end,  what  is  the 
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resistance  of  the  line  and  how  many  H.  P.  are  lost  due  to 
the  resistance? 

E  750 

R  equals  —   (3)   equals equals  21/2  ohms. 

C  300 

Watts  equals  CxE   (12)   equals  300x750  equals  225,000. 
H.  P.  equals  225,000  divided  by  746  equals  301.6  H.  P. 
If  the  voltage  at  the  sending  end  was  10,000,  what  was 
the  proportion  of  power  delivered  to  that  received? 

Powder  delivered  to  line,  watts  equals  300x10,000. 

Power  received  from  line,  watts  equals  300x9,250. 

925 

Eatio  equals equals   92. 5^^,   or  efficiency  of  trans- 

1000  ^      . 

mission  line. 

Why  is  it  that  high  voltage  is  used  in  all  the  long  dis- 
tance power  transmission  plants?  A  study  of  formulae 
(12),  (13)  and  (14)  will  answer  this  question. 

Suppose  it  is  desired  to  transmit  50  H.  P.  five  miles. 
The  watts  will  be  50x746  equals  37,300.  If  this  is  generated 
at  250  volts  the  current  will  be  37,300  divided  by  250  equals 
149  amperes. 

If  the  line  has  a  resistance  of  ^  ohm,  the  volts  lost  in 
the  line  wnll  be  149xy9  equals  74.5.  The  efficiency  of  trans- 
mission wi]l  be 

(250— 74.5)x300  175.5 

equals or  about  70  per  cent. 

250x300  250 

That  is,  30  per  cent,  of  the  power  is  lost  in  the  line. 
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If  now  the  same  power  be  generated  at  500  volts,  the 
amperes  will  be  37,300  divided  by  500  equals  74.5  amperes. 
The  volts  lost  on  the  line  will  be  i/ox74.5  equals  37.25.  The 
(efficiency  of  transmission 


(500— 37.25)x74.5 

equals  92.50 

500x74.5 


In  this  case  only  7y2%  of  the  power  was  lost.  If  we 
should  repeat  tlie  calculation  at  1000  volts  we  would  see 
that  only  y^  of  7y2%  would  be  lost,  or  less  than  2%.  That 
is,  50  H.  P.  transmitted  at  250  volts  loses  30%,  and  at  1000 
volts  less  than  2%. 

The  power  lost  in  transmission  is  inversely  proportional 
to  the  square  of  the  voltage  with  a  given  line. 

The  use  of  high  voltage  enables  a  small  and  cheap  line 
10  transmit  the  same  power  with  the  same  loss  that  a  line 
with  four  times  as  niuch  copper  in  it  would  transmit  with 
the  same  loss  at  half  the  voltage.  A  little  thought  will  show 
that  the  line  loss  is  proportional  to  the  square  of  the  dis- 
tance from  the  generating  station  if  equal  amounts  of  cop- 
per are  used  in  all  the  lines.  Thus  a  line  one  mile  long 
having  1000  pounds  of  copper  will  liave  a  resistance  of  ,85 
ohms;  a  line  two  miles  long  having  the  same  1000  pounds 
of  copper  in  it  will  have  a  resistance  of  3.4  ohms,  or  four 
times  as  much.  If  the  same  current  is  sent  over  both  lines 
there  will  be  four  times  as  much  loss  in  the  two-mile  line 
as  in  the  one-mile  line.  But  if,  at  the  same  time  that  the 
len^^th  of  the  line  is  doubled  the  voltage  is  also  doubled, 
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100  H.  P.  can  be  transmitted  over  the  long  line  with  the 
same  loss  as  over  the  short  one.  Thus,  with  a  given  line 
loss  and  a  given  amount  of  copper  in  the  line,  the  distance 
to  w^hich  power  can  be  transmitted  is  directly  proportional 
to  the  voltage. 

In  calculating  watts  lost  in  an  armature,  it  is  necessary 
usuallj^  to  find  the  current  flowing  through  it  and  find  the 
resistance  of  the  armature  and  use  these  two  factors  to  find 
the  watts  lost. 
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QUESTIONS  ON  CHAPTER  VII. 


1.  What  are  the  three  formulae  representing  power  in 
an  electric  circuit? 

2.  How  many  wttts  are  there  in  one  horse  power? 

3.  How  many  watts  are  expended  in  a  circuit  feeding 
a  number  of  heaters  if  the  currrent  is  eight  amperes  and 
the  E.  M.  F.  500  volts? 

4.  How  many  amperes  are  flowing  in  a  circuit  which 
consumes  five  and  one-half  horse  power  at  110  volts;  at 
1,000  volts? 

5.  What  is  the  resistance  of  a  feed  wire  in  which  eight 
H.  P.  are  lost  when  300  amperes  are  being  carried  by  the 
line? 

6.  What  H.  P.  is  developed  by  a  dynamo  which  delivers 
400  amperes  at  250  volts? 

7.  W'hat  is  the  per  cent,  drop  in  a  feed  wire  in  wihioh 
five  H.  P.  are  lost  when  250  amperes  are  flowing,  and  the 
djmamo  producing  the  current  ihas  an  E.  M.  F.  of  300  volts? 

•  8.     Is  it  possible  to  determine  the  resistance  of  the  arm- 
ature in  question  6  from  the  data  given  in  that  question? 
Jf  so  Avhat  is  the  resistance? 

9.  How  much  current  is  used  on  a  lamp  that  requires 
64  watt's  on  a  110  volt  circuit? 
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10.  How  many  amperes  equal  one  H.  P.  on  a  110  volt 
circuit?  On  a  220  volt  circuit?  On  a  500  volt  circuit?  On 
a  1,000  volt  circuit?    On  a  10,000  volt  circuit? 

11.  How  many  amperes  are  there  in  a  kilowatt  or  in 
1,000  watts  or  in  a  K.  W.  in  circuits  of  each  of  the  voltag'es 
specified  in  question  10? 

12.  Why  is  it  that  the  Edison  three-wire  system  is 
economical  of  copper? 

13.  Would  a  five- wire  system  on  the  same  plan  be  more 
or  less  economical?       Why? 

14.  Why  is  high  voltage  used  for  distributing  power  to 
great  distances? 

15.  What  would  be  the  loss  of  power  in  carrying  100  H. 
P.  over  a  line  having  three  and  one-half  tons  of  copper  in 
it  to  a  point  fi.ve  miles  away  if  250  volts  were  used? 

16.  What  would  be  the  loss  with  500  volts;  with  1,000 
volts:  with  20,000  volts? 

17.  Why  is  it  that  that  with  the  same  cost  for  copper 
the  power  loss  increases  as  the  square  of  the  distance  fro-m 
the  power  station? 

18.  In  what  ratio  does  the  loss  of  power  decrease  with 
increasing  voltage,  cost  for  copper  remaining  the  same? 

19.  What  is  the  ratio  of  distance  to  which  power  may 
be  transmitted  and  voltage  of  supply  with  constant  cost  for 
copper  and  constant  line  loss? 

20.  W^hat  will  be  thfj  cost  for  copper  at  .15  per  pound 
for  a  line  that  will  transmit  power  for  500 — 55  watt  lamps 
at  ^50  volts  on  a  three-wire  system  perfectly  balanced  ^^ 
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mile  from   dynamo  if  current  is  supplied  to   lamps  at   110 
volts? 

21.  Suppose  a  dj^namo  is  supplying  a  power  circuit  at 
125  volts  and  it  is  desired  ±o  light  300 — 55  watt  lamps  at  a 
pressure  of  110  volts  2,500  feet  away.  Tw^o  methods  can  be 
used  for  lighting  these  lamps;  a  large  ^vire  can  be  run  from 
the  dynamo  to  the  lamps,  in  which  there  will  be  a  drop  of 
15  volts.  A  second  method  is  to  drive  a  650-volt  dynamo 
from  the  same  eng^ine  that  drives  the  125-volt  dynamo,  op- 
erate a  motor  on  the  650*volt  current  and  drive  a  second 
dynamo  working  at  110  volts  to  light  the  lamps.  If  copper 
costs  .15  per  pound,  and  three  extra  electric  machines  cost 
$1,500,  which  will  be  the  cheaper  installation? 

22.  If  one  horse  power  is  lost  in  1,000  feet  of  No.  0000 
wire  with  a  drop  of  35  volts,  what  current  is  the  feeder  car- 
rying? 

23.  Why  is  it  that  in  calculating  the  number  of  watts 
lost  in  an  armature  that  formula  No.  14  is  usually  employed? 
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CHAPTEK  VIII. 


CALCULATION  OF  MAGNET  COILS. 


As  shown  in  the  chapter  on  the  magnetic  circuit  it  is 
possible  to  find  how  many  ampere  turns  are  required  to 
force  a  given  magnetic  flux  over  a  given  magnetic  circuit. 
After  it  is  discovered  in  this  way  how  many  ampere  turns 
each  coil  should  produce,  it  is  necessary  to  select  the  size  of 
wire  and  determine  the  amount  that  should  be  used  to  pro- 
duce the  desired  result. 

Take  the  Edison  machine  shown  in  GFig.  23.  Suppo-se 
it  is  a  220-volt  motor.  It  is  found  that  10,783  ampere  turns 
should  be  produced  by  each  coil  to  force  the  desired  flux 
around  the  circuit. 

Let  us  assume  that  the  coil  will  be  two  inches  thick. 
It  is  not  good  practice  to  make  them  much  thicker  than 
this,  because  if  they  are  the  heat  cannot  get  away  from  the 
inner  lawyers  out  to  'the  air  throug^h  the  outer  layers.  This 
makes  the  average  length  of  the  turn  the  circumference  of 
a  circle  10  inches  in  diameter,  or  31.41  inches  long,  or  2.62 
feet  long.  Now  try  some  size  of  wire  and  see  how  many 
ampere  turns  it  gives.  Try  No.  16  equals  .050.  Each  field 
coil  has  110  volts  to  force  current  through  it. 

Table  No.  1  shows  that  No.  16  wire  has  128  feet  per 
pound  and  there  will  be  128  divided  by  2.62  equals  48.8  turns 
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per  pound.  No.  16  wire  has  .52  otuns  per  pound.  If  the  coil 
should  be  made  to  weig^h  one  pound,  the  turns  would  be 
48.8  and  the  resistance  of  the  coil  would  be  .52  ohms. 

Throug-h  this  coil  would  flow  110  divided  by  .52  equals 
211  amperes.  This  would  make  the  ampere  turns  211x48.8 
equals  10,297  ampere  turns.  Consideration  will  show  that 
the  ampere  turns  of  a  coil  of  wire  weig^hing  one  pound  is 
the  same  as  that  of  a  coil  of  100  pounds  of  the  same  size  of 
wire,  if  we  neglect  the  heating  effects  of  such  a  lig'ht  coil. 

We  see  that  a  coil  of  one  pound  has  a  current  of  211 
amperes  and  ampere  turns  of  211x48.8,  or  10,297.  If  the  coil 
was  made  of  190  pounds  of  the  same  size  of  wire  and  of  the 
same  average  length,  the  amperes  that  would  flow  would 
be  only  2,11,  but  the  number  of  turns  would  be  100  times 
greater  and  the  ampere  turns  would  be  100x2.11x48.8,  or 
10,297,  as  before. 

It  should  be  carefully  kept  in  mind  that  the  amount  of 
wire  on  a  coil  simply  determines  whether  it  shall  run  cool 
or  hot;  the  size  of  the  wire  determines  the  number  of  am- 
pere turns. 

No.  16  wire  wound  up  for  a  magnetizing  coil  would 
produce  nearly  enough  ampere  turns  to  answer  the  purpose, 
but  not  quite.  It  now  becomes  necessary  to  try  a  larger 
size  of  wire. 

No.  15  B.  and  S.,  or  wire  .057  inches  in  diameter  has 
101.68  divided  by  2.62  equals  38.8  turns  per  pound.  This  wire 
has  a  resistance  of  .32  ohms  per  pound  and  a  coil  weighing 
one  pound  would  have  110  divided  by  .32  equals  344  amperes 
flowing  through  it.  The  ampere  turns  of  this  size  will  be 
then  38,8x344  equals  13,347  ampere  turns. 
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It  would  be  best  to  select  the  larger  size  of  wire  giving 
the  larger  number  of  ampere  turns,  for  Ihe  coil  is  apt  to 
give  less  ampere  turns  than  is  calculated  for  it,  for  two 
reasons:  First,  the  table  No.  1,  from  which  the  values  are 
taken,  is  for  pure  copper  wire,  and  commercial  copper  wire 
will  not  average  over  97%  or  98%  of  the  conductivity  of  the 
table.  The  second  and  more  important  reason  is  that  the 
conductivities  of  the  wire  are  given  at  70°  F.,  about  the 
temperature  of  an  ordinary  living  room.  In  practice,  the 
temperature  of  the  coil  will  be  much  greater  than  this,  be- 
cause of  the  current  passing  through  it,  and  the  tempera- 
ture of  the  inside  layers  will  be  higher  than  that  of  the 
outside  layers. 

Now  the  resistance  of  copper  wire  increases  .21  of  1% 
for  each  degree  F.,  so  if  the  average  temperature  of  the  coil 
was  60  degrees  F.  above  the  air,  its  resistance  would  be 
60X.21  equals  12  per  cent,  more  than  that  given  in  the  table. 
Such  a  coil  would  not  show  more  than  40  or  50  degrees  above 
the  outside  air  if  the  temperature  should  be  measured  on 
the  outside  ^vith  a  thermometer. 

On  account  of  this  raise  in  temperature  the  coil  will 
not  conduct  as  many  amperes  as  it  would  according  to  the 
table. 

Wire  enough  should  be  put  on  the  coil  so  that  the 
watts  lost  will  not  be  over  .8  per  square  inch,  and  much 
more  satisfactory  results  will  be  obtained  if  enough  are  used 
so  that  only  .5  watts  will  have  to  be  radiated  per  square 
inch. 

In  the  coil  for  the  Edison  dynamo  the  radiating  surface 
is  10  inches  x  the  circumference  of  a  circle   12  inches  in 
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diameter,  or  10x37.64  equals  376.4  sq.  in.  ^^Tiile  a  large 
part  of  the  heat  radiated  from  the  coil  will  escape  from  the 
outside,  almost  as  much  will  be  radiated  from  the  ends  of 
the  coil  and  into  the  iron  core  inside.  The  iron  core  will 
conduct  the  heat  to  the  heavy  pole  piece  and  yoke,  where 
it  is  quickly  radiated. 

It  is  safe  to  allow  three-fourths  as  much  radiating  sur- 
face for  the  rest  of  the  coil  as  it  has  direct  radiating  sur- 
face, ^o  the  total  radiating  surface  is  376-)-% (376)  equals  658 
square  inches.  At  %  watt  per  square  inch  we  have  wasted 
in  this  coil  329  waitts,  and  at  110  volts  this  means  a  current 
of  329  divided  by  110  equals  3.0  amperes. 

We  have  seen  that  if  the  coil  has  only  one  pound  of 
wire  344  amperes  will  flow.  If  only  three  amperes  are 
wanted,  we  will  have  to  make  the  coil  weigh  344  divided  by  3 
equals  115  pounds.  The  final  result  as  to  the  winding  for 
the  magnetizing  coil  for  the  Edison  dynamo  is  then  .115 
pounds  of  Xo.  15  B.  &  S.  wire. 

The  next  question  is,  will  the  space  allowed  for  the 
winding  take  so  much  wire  as  this? 

The  cross  section  of  the  coil  was  2inches  x  10  inches  and 
the  average  length  of  each  turn  was  2.62  feet.  The  number 
of  turns  in  each  layer  would  be  10  inches  divided  by  .065,  for 
Xo.  15  wire  is  .057  under  the  insulation  and  will  be  about  .065 
over  the  inr.ulation  if  single  cotton-covered  wire  be  used. 

10  divided  by  .065  equals  153  turns  per  layer. 

The  number  of  layers  will  be  2  divided  by  .065  equals  31. 

The  number  of  feet  on  the  coil  will  be  153x31x2.62  equals 
12,327  feet. 
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Table  ^s'o.  1  shows  that  single  cotton-covered  magnet 
wire  weighs  10.13  pounds  per  1000  feet,  and  12,327  feet  will 
weigh  r?.33xl0.1-,  equals  125  pounds.  We  can  get  in  125 
pounds  ;  f  wire  in  the  space  that  115  pounds  should  be  put  in. 

What  sized  wire  and  how  much  should  be  used  to  wind 
the  ironclad  dynamo  shown  in  Fig.  29.  Here  the  ampere 
turns   required    are  2789;    the 
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Dimensions  of  magnetizing  coil- 
average  length  turn. 


inches     thick.       The 
length    of    this    coil     may   be 
found  from  Fig.  40.    The  aver- 
age length  of  the  turn  is 
e.  plus  2%  plus  6  plus  21/2  plus 

(3.1416x5) 
or  the  circumference  of  a  cir- 
cle 5  inches  in  diameter  equals 
21.7  inches  equals  2.72  feet. 
Suppose  this  is  to  be  a  500- 
volt  motor,  then  each  of  the  two  coils  will  be  exposed  to  250 
volts.  Try  No.  23  or  wire  .225  inches  in  diameter.  Table  No.  1 
shows  this  to  have  649.66  feet  per  pound,  or  649.66  divided  by 
2.72  equals  240  turns;  and  also  that  it  has  13.3  ohms  per 
pound,  and  a  coil  weighing  one  pound  will  allow  250  divided 
by  13.3  equals  18.8  amperes  to  flow.  The  ampere  turns  will 
be  then  18.8x240  equals  4512  a.  t.  This  is  more  than  is  need- 
ed, and  it  is  necessary  ;to  try  the  next  smaller  size  of  wire. 

^  No.  24  or  .020  wire  has  819.2  feet  per  pound,  and  819.2 
divided  by  2.72  equals  301  turns  per  pound.  Also  it  has  21 
ohms  per  pound  and  a  one-pound  coil  allows  250  divided  by 
21  equals  12  amperes  to  pass;  12x301  equals  the  ampere 
turns  of  No.  24  wire  equals  3612. 
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This  is  probably  what  will  have  to  be  used,  but,  to  be 
sure,  calculate  the  ampere  turns  of  the  next  smaller  size. 
We  find 

Ampere  turns  of  No.  25  wire  equals  380x7.46  equals  2735. 
Xo.  24  is  the  size  suitable  for  this  w^ork.  The  coils  for  this 
motor  are  wound  on  forms  and  slipped  over  the  pole  piece. 
This  allows  all  the  outside  and  both  sides  to  radiate  heat, 
and  w^e  may  allow  one-half  the  inside  surface  of  the  coil  as  a 
radiating  surface. 

Radiating  surface  equals  (32. 7x2x2)-f(39x3)-f  1/2(26.5x3) 
equals  288  square  inches.  At  %  watt  per  square  inch  the 
current  will  be  144  divided  by  250  equals  .58  amperes. 

If  a  one-pound  coil  passes  12  amperes,  the  coil  must 
weigh  12  divided  by  .58  equals  20.6  pounds  to  cut  the  current 
clown  to  .58  amperes. 

The  winding  for  the  magnetizing  coil  for  the  motor  in 
Fig.  25  for  500  volts  is  20.6  pounds  of  No.  24  wire. 

It  is  clear  that  in  a  coil  exposed  to  a  constant  potential 
the  size  of  the  wire  and  not  the  amount  of  wire  or  number 
of  turns  is  what  determines  the  magnetizing  power. 

In  a  constant  current  dynamo,  such  as  one  used  for  arc 
lighting,  the  number  of  turns  determines  the  magnetizing 
power,  and  the  size  of  the  wire  simply  determines  the 
amount  of  heating  or  the  energy  wasted  in  the  coil. 

In  a  coil  using  constant  current  it  is  only  necessary  to 
divide  the  number  of  ampere  turns  required  by  the  number 
of  amperes.  This  gives  the  turns  required.  Then  select  a 
wire  of  such  size  that  the  coil  will  not  get  too  warm. 
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The  same  rule  should  be  followed  in  calculating  the  size 
of  wire  required  for  the  series  coil  of  a  concipound  wound 
dynamo.  It  should  be  kept  in  mind  that  the  heating  of  a 
shunt  coil  on  a  constant  voltage  raises  the  resistance  and 
prevents  more  current  from  flowing,  thus  tending  to  pre- 
vent the  coil  from  over^heating. 

In  the  series  coil  the  reverse  is  true,  for  the  heating  of 
the  coil  makes  the  resistance  higher  and  so  increases  the 
heatimg  with  a  given  current. 


m 


I 


QUESTIONS  FOR  CHAPTER  VIII. 


1.  In  calculating  the  ampere  turns  for  a  magnetizing 
coil  of  any  given  size  of  wire,  what  is  the  first  thing  neces- 
sary to  know^  ahont  the  dimensions  of  the  coil? 

2.  Describe  how  the  riumber  of  ampere  turns  that  will 
be  produced  by  a  coil  of  given  dimensions  and  size  of  wire 
may  be  determined. 

3.  Il'ow^  many  ampere  turns  will  be  produced  b^^  a  coil 
whose  average  diameter  is  10  inches,  size  of  wire  No.  20,  coil 
exposed  tc  an  electro-motive  force  of  110  volts? 

4.  What  size  of  wire  wall  be  required  to  produce  the 
same  number  of  ampere  turns  as  in  preceding  question  at 
271/0  volts? 

5.  How  many  ampere  turns  will  be  produced  in  a  coil 
having  an  average  length  of  turn  of  4  inches  if  the  voltage 
used  is  110  and  the  wire  used  is  No.  20? 

6.  Why  is  it  advisable  when  only  a  small  amount  of 
electrical  energy  is  available  for  the  purpose  of  magnetizing 
a  small  horse-shoe  magnet  to  make  the  coil  long  and  thin? 

7.  Why  are  such  large  magnet  cores  used  in  commer- 
cial dynamos? 

8.  When  a  coil  is  exposed  to  a  constant  electro-mo'tive 
force  why  does  the  size  of  the  wire  and  not  the  amount  of 
the  wire  in  the  coil  determine  the  ampere  turns  produced 
by  the  coil? 
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9.  Is  there  any  reason  for  using  a  coil  of  considerable 
weight  rather  than  using  one  weighing  only  a  few  pouads? 

10.  What  size  of  wire  will  be  required  on  the  motor 
vhown  ia  Fig.  29  for  a  six-^^olt  plating  dyniam:o;  for  110,  220, 
and  500-volt  motors? 

11.  What  weight  of  wire  will  be  used  in  the  coils  cal- 
culated in  the  preceding  question  if  y^.  ^^  ^  watt  be  radiated 
for  one  square  inch  of  the  surface  of  the  coil? 

12.  How  many  watts  per  square  inch  is  it  safe  to  allow 
the  coil  to  radiate? 

lo.  Why  is  it  not  advisable  to  use  a  coil  more  than  two 
Inches  in  thickness? 

14.  How  much  does  the  resistance  of  copper  wire  in- 
orease  on  account  of  the  increase  of  the  temperature? 

15.  How  is  it  possible  to  determine  the  number  of 
pounds  of  wire  that  will  be  required  in  a  coil  to  reduce  the 
current  consumed  to  a  given  amount? 

16.  Calculate  the  size  and  weight  of  the  wire  required 
for  a  250-volt  motor  of  the  dimensions  calculated  in  answer 
to  question  19,  chapter  V. 

17.  Calculate  the  size  of  wire  and  weig^ht  required  for 
the  magnetizing  coils  in  Elig.  29,  pro  voided  ithey  radiate  Vi 
watt  per  square  inch  when  used  as  a  250-volt  dynamo. 

18.  How  are  the  ampere  turns  for  a  series  coil  calcu- 
lated? 

19.  What  is  the  eflPect  on  the  power  wasted  in  a  coil 
of  the  raise  in  temperature  in  a  coil  exposed  to  a  constant 
voltage? 

20.  What  is  the  effect  in  a  coil  through  which  a  con- 
sta.nt  current  flows? 
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CHAPTER  IX. 

WINDING    ELECTRIC    MACHINERY    FOR    DIFFERENT 

E.  M.  Fs. 

It  was  explained  in  Chapter  IV  that  E.  M.  F.  was  pro- 
duced by  a  wire  cutting  lines  of  force,  and  it  was  also  stated 
that  where  magnetic  lines  were  cut  at  the  rate  of  100,000,000 
per  second,  one  volt  was  produced.  Fig.  41  shows  the  cut- 
ting of  the  lines  of  force  in  a  Gramme  ring  armature  and 
also  the  path  of  the  lines.  Fig.  42  shows  the  cutting  in  the 
internal  bi-polar  machine  shown  in  Pig.  24. 
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Figure  41 
Production  of  E.  M.  F.  in  Gramme  ring  armature. 
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In  the  gramme  ring  armature  the  lines  cross  the  air 
gap  and  pass  around  the  ring  from  the  X.  pole  to  the  S.  pole. 
When  the  armature  revolves,  there  is  a  constant  movement 
of  the  magnetism  in  the  armature.  A  few  of  the  magnetic 
lines  leak  across  the  space  inside  the  ring,  as  shown  in  the 
sketch. 


Figure  42 
Production  of  E.  M.  F.  in  drum  armature. 


By  applying  the  rule  on  page  47,  we  see  that  the  cur- 
rent tends  to  flow  toward  the  observer  in  the  wires  in  the 
air  gap  in  the  lower  part  of  the  armature. 

The  same  rule  shows  that  the  current  flows  away  from 
the  observer  in  the  upper  part  of  the  armature.  A  little 
thought  will  show  that  if  the  winding  on  the  ring  is  a  con- 
tinual spiral,  these  two  currents  will  meet  each  other  at 
points  marked  -|-  and  —  about  half  way  between  the  poles. 
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If  the  spiral  be  connected  at  regular  intervals  to  the 
bars  of  a  commutator  and  two  brushes  touch  this  commu- 
tator at  points  on  a  horizontal  line,  there  will  be  an  E.  M.  F. 
between  these  two  brushes  equal  to  the  sum  of  the  E.  ^i.  F.'s 
produced  in  all  the  wires  under  one  pole. 

Suppose  the  armature  revolves  1200  turns  per  minute; 
this  will  be  1200  divided  by  60  equals  20 
revolutions  per  second.  Also  suppose  there  are 
1,000,000  lines  of  force  ,  flowing  from  the  X.  pole  into 
the  ring  through  the  ring  into  the  S.  pole.  Each 
wire  on  the  armature  will  cut  20  times  per  second  the 
1,000,000  lines  in  the  upper  air  gap,  and  therefore  each  wire 
cuts  20x1,000,000  equals  20,000,000  lines  per  second. 

Since  it  requires  cutting  at  the  rate  of  100,000,000  per 
second  to  produce  one  volt,  each  wire  on  the  armature  pro- 
duces 


20,000,000 
equals  1-5 


100,000,000 


of  a  volt  in  passing  through  the  upper  air  gap.  The  same 
wire  produces  the  same  voltage  in  the  opposite  direction  in 
its  passage  through  the  lower  air  gap,  but  the  two  halves 
of  the  armature  are  in  iDarallel.  The  E.  M.  F.  produced  may 
be  illustrated  by  the  diagram  in  Fig.  43. 

In  Fig.  43  if  each  cell  produces  two  volts,  the  whole  ten 
cells  produce  only  10  volts,  but  the  capacity'  for  delivering 
current  is  double.  The  same  thinsf  is  true  of  the  dvnamo 
armature.  There  are  always  two  voltages  produced  which 
are  placed  in  parallel.     This  fact  makes  the  carrying  capac- 
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ity  of  an  armature  for  current  always  equal  to  twice  that 
of  a  sino-le  wire  of  the  size  the  armature  is  wound  with. 


Figure  43 

Production  of  E.  M.  F.  in  an  armature  illustrated  by  two  groups 
of  batteries  placed  in  parallel. 


If  there  are  550  wires  or  550  turns  on  the  armature  in 
Fig.  41,  the  E.  M.  F.  produced  will  be  550  times  that  pro- 

550 

duce  in  one  wire,  or  equals  110,  or,  in  the  form  of  an 
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equation: 


1,000,000x550x20 

E.  M.  F.  equals equals  110 

100,000,000 

In  symbols  this  becomes: 


NxTxS 

E.  M.  F.  equals (15) 

100,000,000 
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Transforming  (15)  to  get  the  other  quantities: 

E.  M.  F.  X  100,000,000 

N  equals (16) 

TxS 

E.  M.  F.  X  100,000,000 

T  equals (17) 

NxS 

E.  M.  F.  x  100,000,000 

S  equals (18) 

■     'NxT 

Where  X  equals  total  number  of  lines  flowing  across 
one  air  gap,  T  equals  total  number  of  wires  on  the  armature 
that  cut  lines  of  force,  and  S  equals  num'ber  of  revolutions 
per  second. 

The  turns  on  the  inside  of  the  Gramme  nng  do  not  cut 
any  lines  and  so  produce  no  E.  M.  F. 

In  the  case  of  the  drum  armature,  however,  the  one 
side  of  a  turn  is  in  one  air  gap  and  the  other  side  is  in  the 
other  air  gap.  Therefore  it  is  only  necessary  to  have  half 
as  many  turns  in  a  drum  armature  to  get  the  same  E.  M.  F. 
as  are  required  in  a  Gramme  ring.  At  first  sight  it  would 
seem  that  the  Gramme  ring  would  require  much  more  wire 
for  the  same  P].  M.  F.  than  the  drum  armature,  but  each 
turn  is  much  shorter  in  the  Gramme  ring  than  in  the  drum 
armature. 

A  very  important  practical  advantage  that  the  Gramme 
ring  possesses  is  that  the  wires  do  not  cross 
each       other       at       the       end       of       the       armature.       If 
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anything  is  the  matter  with  one  coil  in  a  Gramme  ring 
it  can  be  removed  without  touching  any  of  the  other  coils. 
This  is  not  the  case  with  a  drum  armature,  for  coils  cross 
each  other  and  It  maj  be  necessary  to  take  off  all  the  coils 
in  order  to  get  down  to  the  one  that  is  damaged. 

It  is  easy  to  see  that  with  a  given  iron  frame  and  arma- 
ture core  the  only  thing  necessary  to  do  to  make  it  develop 
different  voltages  is  to  put  different  numbers  of  turns  on 
the  armature.  If  it  was  desired  in  Fig.  41  to  produce  ^20 
volts,  it  would  be  necessary  to  wind  on  1100  turns  of  wire 
instead  of  550. 

Suppose  there  is  a  flux  of  1,200,000  lines  in  the  core 
shown  in  Fig.  42,  (that  tlhere  are  40  coils  on  the  airmature, 
that  the  machine  runs  1,500  revolutions  per  minute.  How 
many  turns  will  it  be  necessary  to  use  for  500  volts,  for  220 
volts,  and  for  110  volts? 


Substituting  in  (17) 

500x100,000,000 


T  equals 

1,200,000x25 

Solving  this  equation, 

500x100,000,000 

T  equals equals  1667 

1,200,000x25 

This  is  the  niimber  lof  active  coinduiotors  on  a  Gramme 
ring  -or  drum  armature.  This  will  be  ihlalf  the  numiber  of 
turns  on  a  drum  armaiture.  The  numiber  of  turns  will  be 
1667  divided  by  2  equals  834,  and  since  there  are  40  coils, 


119 


each  coil  will  contain  834  divided  by  40  equals  21  wires. 
Each  turn  in  such  a  coil  contains  two  wires  that  generate 
E.  M.  F. 

The  fundamental  fact  on  which  the  action  of  the  dyna- 
mo depends  was  illustrated  in  Fig.  20,  and  it  is  excellent 
practice  to  determine  from  the  direction  of  rotation  of  an 
armature  and  from  the  polarity  of  the  magnet  in  any  actual 
dynamo  the  direction  in  which  the  current  is  running  on 
the  armature. 

It  is  easy  to  determine  the  number  of  lines  of  force  that 
are  flowing  across  any  dynamo  armature. 

Suppose  an  Edison  d^mamo  has  60  coils  having  two 
turns  each,  and  that  it  generates  without  any  load  230  volts 
at  a  speed  of  1200  revolutions  per  minute.  What  is  the  flux 
across  the  armature? 

In  this  case 

S  equals  1200  divided 'by  60  equails  20. 

T  equals  60x2x2  equals  240. 

Substituting  in  (16), 

230x100,000,000 

X  equals equals  4,563,000. 

240x21 

In  practice  the  only  difference  in  dynamos  designed  for 
the  same  output  at  different  voltages  is  the  difference  in  the 
number  of  turns  of  ware  on  the  armature. 

Suppose  the  dynamo  is  designed  for  500  volts  with  a 
certain  number  of  turns   on   the  armature;    for  250  or  220 
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volts  only  half  this  number  is  used  and  for  125  or  110  volts 
only  one-fourth  as  many  are  used. 

Another  waj^  in  which  the  voltage  produced  in  a  dyna- 
mo may  be  considered  is  the  change  of  number  of  lines  of 
force  enclosed  or  embraced  by  a  coil. 

There  will  be  an  E.  M.  F.  generated  in  a  coil  propor- 
tional to  tihe  rate  of  dhainge  in  tihe  number  of  lines  of  force 
embraced  by  the  eoil. 

If  lines  of  force  are  put  into  or  taken  out  of  a  coil  at 
the  rate  of  100,000,000  per  second,  one  volt  is  produced. 
The  E.  M.  F.  produced  by  such  a  change  in  the  number  of 
lines  embraced  by  a  coil  is  always  in  such  a  direction  that 
the  current  that  would  be  produced  would  flow  in  such  a 
direction  as  to  oppose  the  change  in  the  number  of  lines 
enclosed.     This  is  known  as  Lentz's  law. 

The  result  is,  that  when  a  S.  pole  is  caused  to  approach 
a  closed  coil  the  current  in  it  will  flow  in  such  a  direction 
as  to  produce  a  S.  pole  in  the  coil,  and,  when  the  S.  pole  is 
being  withdraA^m,  the  currenit  \vill  flow  so  ais  'to  produce  a  X. 
]>ole  in  the  coil. 

In  the  first  case  the  approaching  pole  is  repelled,  and 
in  the  second,  the  receding  pole  is  attracted;  therefore 
power  is  required  both  to  cause  the  pole  to  approach  and 
to  recede. 
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QUESTIONS  ON  CHAPTER  IX. 


1.  How  many  lines  of  force  is  it  necessary  for  a  wire  to 
cut  per  second  in  order  to  produce  one  volt? 

2.  Explain  the  production  of  electro-motive  force  in  a 
eramme  ring  armature. 

3.  What  is  the  office  of  a  commutator  on  a  direct  cur- 
rent machine? 

4.  Why  is  the  resistance  of  an  armature  never  more 
than  one-fourth  that  of  the  wire  with  which  the  armature 
is  wound? 

5.  How  many  volts  will  be  produced  in  a  two-pole  ar- 
mature drum  wound  having  30  slots  in  the  armature  if  the 
armature  is  wound  v^th  30  bobbins  of  10  turnS  each  and  the 
ilux  across  the  armature  is  1,000,000  lines  and  the  speed  is 
1,200  revolutions  per  minute?  How  fast  would  the  above 
armature  run  as  a  motor  on  a  150-volt  circuit? 

6.  Give  from  memcJry  the  four  formulae  expressing  the 
relation  between  the  E.  M.  F.,  magnetic  flux,  the  speed  and 
the  number  of  turns. 

7.  A  bi-polar  dynamo  runs  1,140  revolutions  per  minute 
and  produces  114  volts;  there  are  36  slots  in  the  armature, 
each  bobbin  has  six  turns  of  wire.  What  is  the  magnetic 
flux  across  the  armature? 
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8.  A  bi-polar  motor  on  a  120-volt  circuit  is  desired  to 
run  1,100  revolutions  per  minute;  there  are  48  slots  in  the 
armature  and  the  flux  is  2,100,000  lines.  Each  slot  in  the 
armature  is  l^  inch  wide  and  %  of  an  inch  deep.  How 
many  turns  will  be  required  in  each  bobbin  and  what  will 
be  the  resistance  of  the  armature? 

y.  What  is  it  necessary  to  cliange  about  a  motor  in 
order  to  make  it  operate  on  a  circuit  of  double  its  voltage? 

10.  What  is  true  of  the  number  of  turns  of  wire  re- 
quired to  produce  the  same  electro-motive  force  on  a 
gramme  ring  and   a  drum  armature? 

11.  What  advantage  does  the  method  of  winding  used 
on  a  gramme  ring  armature  possess? 

12.  A  bi-polar  gramme  ring  armature  is  designed  to 
run  at  1,500  revolutions  on  250-volt  circuit;  there  are  56 
sections  on  the  armature,  each  with  two  turns.  What  would 
be  the  section  required  in  the  pole  pieces  of  this  dynamo  if 
a  flux  of  40,000  lines  per  square  inch  is  used? 

13.  Why  will  the  resista«nce  of  an  armature  be  quadru- 
pled if  it  is  rewound  to  run  at  half  its  original  speed? 
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CHAPTEE   X. 


COUNTER  ELECTRO-MOTIVE  FORCE. 


Whenever  an  armature  is  revolved  in  an  excited  field, 
E.  M.  F.  is  produced,  whatever  be  the  cause  of  the  rotation. 
The  armature  may  be  revolved  by  a  belt  from  an  engine, 
or  it  ma}^  be  revolved  by  a  motor  directly  connected  to  it, 
or  it  may  be  revolved  by  a  current  flowing*  through  it  in 
snch  a  direction  that  it  becomes  a  motor. 
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Figure  44 
Illustration  of  the  identity  of  counter  and  primary  E.  M.  F. 
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In  the  first  two  cases  the  E.  M.  F.  produced  may  be 
measured  and  used  to  produce  current  in  an  outside  circuit 
if  desired.  In  the  last  case,  however,  the  E.  M.  F.  appears 
as  an  E.  M.  F.  opposing  the  E.  M.  F.  of  the  current  that 
drives  current  through  the  motor.  This  E.  M.  F.  is  called 
counter  E.  M.  F.,  because  it  acts  counter  to  the  primary 
or  principal  E.  M.  F.  That  this  counter  E.  M.  F.  really  ex- 
ists ma.y  be  made  clear  by  a  study  of  Fig.  44. 

In  Fig.  44  the  source  of  power  is  a  turbine  water  wheel 
having  a  capacity  of  100  H.  P.  This  drives  a  shaft  on  which 
is  a  pulley  that  drives  a  175  H.  P.  dj^namo  for  street  railroad 
work.  Connected  to  the  shaft  is  a  75  H.  P.  dynamo  that 
charges  a  storage  battery.  The  average  load  on  the  street 
railway  generator  is  100  H.  P.,  but  it  varies  from  25  H.  P. 
at  the  lowest  to  175  H.  P.  at  the  highest.  If  the  main  dyna- 
mo is  taking  at  any  time  75  H.  P.,  the  turbine  wheel  will 
rise  in  speed  a  little  and  so  raise  the  speed  of  the  motor 
dynamo  a  few  revolutions  until  the  extra  25  H.  P.  is  used  in 
producing  current  that  charges  the  storage  battery. 

If,  now,  two  or  three  cars  all  start  at  the  same  time,  the 
load  on  the  main  dynamo  will  become  150  H.  P.  This  will 
cause  the  Sjpeed  of  the  turbine  wheel  to  drop  a  little  until 
the  voltage  of  the  dynamo  is  a  little  less  than  that  of  the 
storage  batterj^  when  current  will  flow  from  the  battery 
into  the  armature  of  the  machine,  which  is  now  a  motor 
until  it  is  developing  50  H.  P. 

The  electro-motive  force  of  the  dynamo  now  appears  as 
counter  E.  M.  F.,  which  tends  to  prevent  the  storage  battery 
current  from  flowing  through  it. 

The  scheme  here  illustrated  is  practical,  and  a  variation 
in  speed   of  40  or  50  revolutions  in  1200  would  change  thp 
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machine  from  a  dynamo  charging  the  storage  battery  at 
the  rate  of  75  H.  P.  to  a  motor  taking  power  from  the  bat- 
tery and  delivering  75  mechanical  H.  P. 

It  is  now  easily  seen  why  a  shunt  wound  motor  is  so 
nearly  constant  in  speed. 

The  resistance  of  the  armature  is  very  low,  so  that  with 
full  load  current  only  a  few  volts  are  lost  due  to  resistance, 
and  the  force  that  prevents  a  great  rush  of  current  through 
the  armature  is  the  Counter  E.  M.  F.  of  the  armature.  Con- 
sider equation  (18): 

E.  M.  F.xlOO,000,000 
S  equals  

NxT 

This  indicates  that  the  speed  depends  on  the  E.  M.  F. 
and  will  change  in  the  same  ratio  that  it  does,  for  N,  the 
total  flux  through  the  arm'ture,  will  remain  constant  as 
long  as  the  voltage  on  the  exciting  coils  does  not  change,  and 
T,  the  number  of  turns  on  the  armature  cannot  be  changed 
after  the   armature  is   wound. 

The  counter  E.  M.  F.  plus  the  volts  lost  in  the  armature 
must  always  be  equal  to  the  applied  E.  M.  F.,  and  if  the 
resistance  of  the  armature  is  low,  so  that  only  two  or  three 
volts  are  lost  in  it  at  the  heaviest  load,  the  counter  E.  M.  F. 
must  remain  constant,  and  if  the  counter  E.  M.  F.  is  con- 
stant, the  speed  must  remain  the  same. 

Looking  at  this  in  another  way,  the  voltage  forcing 
current  through  the  armature  is  the  difference  between 
the  applied  and  the  counter  E.  M.  F. 
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If  a  heavy  load  is  thrown  on  the  motor  that  requires  a 
heavy  current,  the  first  effect  will  be  to  reduce  the  speed. 
Reducing"  the  speed  lowers  the  counter  E.  M.  F.  and  this 
causes  a  oreater  E.  M.  Y.  to  force  current  throug^h  the  arma- 
ture. 

If  the  applied  E.  M.  F.  is  110  volts  and  the  resistance  is 
.01  ohm,  and  the  current  required  to  run  the  armature  v^ith- 
out  any  load  on  it  is  6  amperes,  the  counter  E.  M.  F.  is  109.94 
volts.  If  full  load  is  thrown  on,  which  may  be  100  amperes, 
the  loss  of  voltage  in  the  armature  is  one  volt  and  the  coun- 
ter E.  ^L  F.  is  109  volts.  These  figures  are  about  what  ob- 
tain in  practice.  Thus  by  a  chang-e  of  less  than  1%  in  speed 
the  motor  has  taken  its  full  load  current. 

In  a  shunt  wound  motor  the  field  is  constant  and  the 
speed  is  consequently  almost  perfectly  constant.  In  a  series 
motor,  however,  the  current  that  supplies  the  armature  and 
fields  is  the  same,  and  anything  that  alters  the  current  in 
the  armature  alters  the  ciirrent  in  the  field  and  changes 
the  fiux  through  the  armature. 

Figs.  45  and  46  show  a  diagram  of  the  winding  of  a 
shunt  and  series  motor' respectively. 


Figure  45 
Diagram  of  connections  of  shunt  motor. 
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In  the  shunt  motor  the  amount  of  current  passing 
through  the  armature  does  not  directly  att'ect  the  amount 
of  magnetic  flux  which  passes  through  the  armature.  In 
the  series  motor,  however,  the  amount  of  current  passing 
through  the  field  coil  is  directlj^  proportional  to  the  load  on 
the  motor.  Since  in  a  general  way  the  amount  of  magnetic 
flux  through  the  armature  is  proportional  to  the  magnetiz- 
ing power  of  the  field  coil,  the  heavier  the  load  on  the  motor 
the  greater  the  magnetic  flux,  and  consequently  from  equa- 
tion (18)  the  speed  drops,  on  account  of  greater  magnetic 
flux. 


Figure  46 
Diagram  of  connections  of  series  motor 


Anolher  thing  which  causes  the  speed  to  drop  is  the 
voltage  lost  in  the  resistance  of  the  field  coil  and  armature. 
Due  to  these  two  causes  the  speed  of  the  series  motor  is 
exceedingly  variable,  being  high  when  the  load  is  light  and 
the  mairnetic  flux  is  small,  and  low  when  the  load  is  heavv 


and  the  magnetic  flux  is  great. 
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Equation  (18)  put  in  another  way  says  that  the  product 
of  the  speed  and  the  mag-netic  flux  must  always  be  a  con- 
stant quantity  as  long  as  the   E.  M.  F.  of  supply  does  not 
change.     Consequently,   when    one  of   these    two  quantities 
(speed  and  magnetic  flux)  is  large,  the  other  must  be  small. 
When  constant  current  is  supplied  to  a  series  motor  the 
speed   of  the  armature   will  tend   to  become  very  hio-h  and 
means  must  be  provided   for  either  weakening  the  field  or 
rockmg  the  brushes  so  as  to  ,,revent  too  g-reat  a  rise  in  the 
speed  of  the  armature. 

The  old  l>axter  arc  motoTs  used  the  first  of  these  meth- 
ods, and  the  Brush  arc  motors  used  the  second. 

The  transmission  of  power  by  constant  current  machin- 
ery has  been,  however,  almost  entirely  abandoned  and  con- 
stant current  arc  dynamos  are  not  nearly  so  much  used  as 
formerly.  The  constant  potential  system  having  taken  its 
place  very  largely,  even  for  arc  lig-htino-. 
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QUESTIONS   ON   CHAPTER  X. 


1.  What  is  counter  eleotro-motive  force? 

2.  Is  there  any  difference  between  the  counter  electro- 
motive force  produced  in  a  motor  and  the  E.  M.  F.  produced 
in  a  dynamo? 

3.  Why  will  110  volts  force  only  a  few  amperes  through 
an  armature  \vhen  it  is  rumming  ll)a^ ing  a  res'istianee  of  1-100 
of  an  ohm? 

4.  How  may  t'he  flux  through  a  motor  armature  be 
measured  by  the  speed  of  the  armature?  • 

5.  A  bi-polar  motor  armature  has  66  slots;  each  coil 
has  three  wires;  the  flux  through  the  armature  is  3,600,000 
lines.     What  will  be  the  speed  of  the  armature  on  220  volts? 

6.  If  the  speed  of  the  armature  should  be  1,050  revolu- 
tions, what  would   the  flux  be? 

7.  Why  does  the  speed  of  a  motor  increase  as  the  field 
coils  get  warm? 

8.  Give  another  instance  beside  that  in  the  text  of  the 
identity  of  ordinary  and   counter   eleetro-motive   force. 

9.  What  makes  the  shunt  motor  constant  in  speed, 
even  under  greati}^  varying  loads? 

10.  Why  does  the  speed  in  a  large  armature  change 
less  with  change  of  load  than  in  a  small  armaiture? 
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11.  Why  does  rocking-  the  brushes  to  an  extreme  back- 
ward position  raise  the  speed  of  a  motor? 

12.  A  two-horse  power  armature  'has  a  resistance  of 
8-100  of  an  ohm;  it  is  designed  to  run  on  80  volts;  one  am- 
pere is  required  'to  run  it  at  no  load;  at  the  heaviest  load 
it  is  designed  to  take  30  amperes.  What  would  be  the  drop 
of  speed  in  per  cent.? 

13.  Why  does  the  speed  of  a  series  motor  vary  so  great- 
ly with  the  load  ? 

14.  Why  does  the  speed  of  the  series  motor  change  so 
much  less  T^lth  the  load  after  the  iron  becomes  saturated? 

15.  Why  is  the  speed  of  a  500-volt  shunt  motor  with 
unsaturated  magnetic  circufit  almost  "as  high  w^hen  running 
on  110  volts  as  on  500  volts? 

10.  How  will  the  speed  of  a  compound  wound  motor 
vary  ? 

17.  As  long  as  the  magnetic  circuit  is  unsaturated,  why 
is  the  torque  of  a  series  motor  proportional  to  the  square 
of  the  current? 

18.  To  what  is  the  torque  of  a  shunt  motor  propor- 
tional? 

19.  Why  does  the  speed  of  a  series  motor  tend  to  be- 
come excessively  high? 

20.  How  is  the  speed  of  constant  current  motors  gov- 
erned? 


131 


CHAPTER  XI. 


HYSTERESIS  AND  EDDY  CURRENTS. 


When  iron  is  magnetized  it  tends  to  retain  its  niagnet- 
ism,  and  when  the  direction  of  the  magnetization  is  re- 
versed powor  is  required  to  affect  this  reversal. 

Hysteresis  may  be  called  molecular  friction  caused  b}' 
a  reversal  in  positon  of  the  minute  molecular  magnets  of 
which  the  iron  is  supposed  to  be  constituted.  If  the  core 
of  an  electro-magnet  should  be  composed  of  hard  steel  til- 
ings and  the  direction  of  current  through  the  magnetizing 
coil  should  be  reversed,  it  is  clear  that  there  would  be  an 
effort  on  the  part  of  the  steel  tilings  to  twist  around  end 
for  end  and  in  doing  so  there  would  be  more  or  less  fric- 
tion. Something  of  this  same  sort  takes  place  when  the 
direction  of  magnetization  in  a  piece  of  iron  takes  place. 
It  is  easy  to  see  that  the  direction  of  magnetization  in  a 
bi-polar   mofar   armature    changes    twice    every   revolution. 

An  examination  of  Fig.  24  will  show  that  if  the  right 
hand  pole  be  a  north  pole  the  magnetic  lines  will  flow 
through  the  bottom  of  the  teeth  on  the  right  hand  side  of 
the  armature  from  the  top  of  the  teeth  to  the  bottom,  but 
when  the  armature  has  made  a  half  revolution  magnetic 
lines  flow^  out  of  the  armature  from  the  bottom  of  the  teeth 
to  the  top. 
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^rable  Xo.  9  o-jves  Ithe  loss  in  waitts  per  cubic  tooi  at  a 
speed  of  1,200  revolutions  per  minute  in  a  bi-polar  field  with 
various  magnetic  fluxes  per  square  inch.  This  table  is  for 
good  soft  wrought  iron  and  the  hysteresis  loss  in  the  iron, 
of  which  ordinary  armatures  are  made,  is  probably  higher 
than  that  given  in  the  table. 


TABLE  Xo.  IX. 


HVSTKKESIS   TX  SOFT   IROX. 


Lines  per  sq.  in. 

25,000 
30,000 

:^5,ooo 

40,000 

45,000 

50,000 

55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 
100,000 
105,000 
110,000 
115,000 
120,000 


I    Watts  wasted  per  cu.  ft.  at  12oo 
revolutions  per  minute  in 
two-pole  dynamo. 

78 
108 
130 
155 
182 
216 
238 
275 
314 
348 
395 
431 
472 
512 
564 
520 
670 
780 
964. 
1124 
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It  will  be  noted  that  in  a  four-pole  field  the  direction 
of  magnetization  is  reversed  twice  in  every  revolution,  and 
if  the  armature  in  a  four-pole  machine  runs  at  the  same 
speed  that  it  does  in  a  two-pole,  the  loss  by  hysteresis  will 
be  twice  as  great  with  the  four-pole  machine  as  with  the 
two-pole. 


EDDY  OR  FOUCAULT  CURRENTS. 


It  is  clear  that  there  is  the  same  tendency  to  produce 
current  in  the  iron  part  of  the  armature  due  to  the  cutting 
of  the  magnetic  lines  as  there  is  in  the  copper  wire  -which 
is  wound  on  its  surface.  If  in  Fig.  24  the  iron  core  was 
solid,  there  would  be  a  very  large  current  circulating  in 
the  iron  core  in  the  same  direction  as  that  which  flows 
through  the  w^ires  in  the  air  gap.  Such  a  current  as  this 
would  be  entirely  useless  and,  w^orse  still,  would  heat  the 
armature  core  Yery  hot;  consequently,  the  armature,  in- 
stead of  being  solid,  is  built  up  of  thin  sheet  iron  discs. 

These  discs  carry  the  magnetic  lines  without  difficulty 
and  an  armature  built  up  of  these  discs  has  the  same  mag- 
netic properties  as  a  solid  wrought  iron  armature  would 
have. 

Fig.  47  shows  the  direction  in  which  the  currents  tend 
to  circulate  around  the  armature,  and  shows  how  these  cui'- 
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Figure  47 

Circulation  of  eddy  currents 
stopped  by  lamination  of  the  iron. 


rents  are  prevented  from  flowing  by  the  insulation  between 
the  discs. 

The  discs  in  F^lg.  47 
may  be  insulated  with  pa- 
per, but  in  practice  it  is 
found  that  the  thin  coating 
of  oxide  on  the  outside  of 
each  disc  is  enough  to  ac- 
complish the  same  purpose 
and  produces  an  armature 
which  will  always  remain 
as  solid  as  when  first  put 
up.  The  use  of  paper  be- 
tween the  discs  is  dangerous,  because  in  time  the  paper 
charrs  and  crumbles  to  pieces,  leaving  the  discs  loose.  The 
best  way  to  treat  the  discs  is  to  give  them  a  thin  coating  of 
linseed  oil;  this  forms  a  surface  having  the  same  insulating 
properties  as  paper,  "and  the  heat  to  whiioh  the  armatuire  iis 
subjected  will  not  affect  it.  In  practice  the  discs  for  arma- 
tures run  from  ten  to  twenty-five  thousandths  of  an  inch  in 
thickness.  Even  in  the  thinnest  disc  there  are  small  eddy 
currents  circulating  which  take  power  to  produce  and  which 
heat  up  the  armature  core.  The  loss  by  eddy  currents  is 
proportional  to  the  square  of  the  speed  at  which  the  arma- 
ture is  run,  because  at  double  speed,  other  things  being 
equal,  the  E.  M.  F.  is  twice  as  great,  and  this  double  E.  M.  F. 
pruduces  double  current. 

Formula  12  shows  that  the  loss  in  watts  with  double 
volts  and  double  current  is  four  times  as  great  as  with  the 
given  voltage.  It  is  because  of  the  loss  by  eddy  currents 
that  would  occur  with  solid  pole  pieces  that  pole  pieces  are 
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laminated.  A  consideration  of  the  way  in  which  E.  M.  F.  is 
produced  shows  that  when  the  number  of  lines  of  force  en- 
closed by  circuit  is  changed  there  is  an  E.  M.  F.  produced 
which  tends  to  send  current  around  the  circuit  in  such  a 
direction  as  to  oppose  the  change. 

When  an  ironclad  armature  with  a  short  air  gap  is  re- 
volved the  magnetic  lines  flow  from  the  pole  piece  into  the 
armature  in  tufts  or  bunches.  These  bunches  of  lines  pass 
across  the  pole  piece  with  the  motion  of  the  armature  and 
set  up  currents  in  the  solid  pole  piece.  It  is  possible  by  the 
use  of  a  long  air  gap  to  cause  the  lines  to  tlmv  from  the  pole 
piece  uniformly.  But  with  short  air  gaps  it  is  necessary  to 
laminate  the  pole  piece  in  order  to  get  rid  of  eddy  currents. 
(See  Fig.  31). 
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QUESTIONS-  ON  CHAPTER  XI. 


1.  What  is  hysteresis? 

2.  What  would  he  the  difference  in  passing  an  alternat- 
ing current  and  a  direct  current  around  an  iron  core  as  far 
as  hysteresis  is  concerned? 

3.  Why  is  the  hysteresis  in  a  four-pole  motor  twice  as 
great  as  in  a  two-pole? 

4.  Why  is  there  hysteresis  in  a  revolving-  armature? 

5.  What  are  eddy  currents? 

6.  In  what  direction  would  the  eddy  currents  tend  to 
"im  in   the  drum  armature  shown  in  Fig.  42? 

7.  Why  is  the  iron  in  an  armature  laminated? 

8.  Why  are  cables  used  on  surface  wound  armatures 
instead  of  solid  wires? 

9.  Why  does  the  pole  piece  of  a  motor  get  warm  if  an 
iron  clad  armature  is  used  with  too  short  an  air  gap? 

30.  AVhy  will  the  heating  Jn  such  a  case  be  much  o-reat- 
er  With  steel  pole  pieces  than  with  cast  iron? 

11.  What  will  be  the  loss  from  the  eddy  current  tha.t 
tlows  clear  armmd  the  armaiture  in  Fig.  29  'if  .the  flux 
through  the  armature  is  1,200,000  lines,  the  speed  of  the 
armature  i=  1.200  revolutions  per  minute,  the  resistance  of 
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the  armature  between  end  plates  1-10  of  an  ohm  and  the  end 
plates  are  so  large  as  to  ihave  amegUg^ible  resistance? 

12.  Is  there  any  difference  in  their  nature  between 
eddy  currents  and  the  useful  current  produced  by  an  arma- 
ture? 

13.  Why  was  paper  formerly  used  between  armature 
discs? 

14.  Why  has  this  practice  been  abandoned? 

15.  In  what  way  do  the  watts  lost  from  eddy  currents 
vary  from  the  speed? 
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CHAPTER  XII. 


AKMATITRE  REACTION 


When  a  dynamo  produces  current  these  currents  flow 
around  the  armature  in  such  a  direction  as  to  magnetize 
the  armature  at  right  angles  to  the  main  field  magnets.  A 
consideration  of  Fig.  49  shows  this,  and  if  the  direction  of 
ciircula.tion  of  eurrenlt  iai  Figs.  41  and  42  be  wiorked  ouit,  t>he 
result  will  be  the  same. 

The  position   of  the  brushes 

on    the    commutator    determines 

.There    the    current    which    flows 

through  the  armature  shall  enter 

and  leave  the   armature,  and   so 

determines  the   direction   of   the 

polarity  o^f   the   armature   as  an 

electro-magnet.       If  the  brushes 

in   Fig.  41  be  moved   around   thie 

commutator  the   point   at   which 

the  current  divides  to  pass  around   the   two   halves   of  the 

Gramme  ring  will  move  with  it.     It  is  clear  that   the  pole 

of  the  armature  will  be  at  the  point  at  which  the  current 

divides.     The  strength  of  the  armature  as  an  electro-magnet 

is  directly  proportional  to  the  amount  of  current  which  is 

dravm  from  the  armature.     The  practical  effect  of  the  arma- 


Figure  49 

Armature  reaction  in  a 
dynamo. 
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tiire  becoming"  a  powerful  mag-net  is  to  cause  more  mag'netic 
lines  to  pass  into  the  armature  at  one  side  of  the  pole  piece 
than  at  the  other,  for  a  north  pole  in  the  armature  will 
attract  the  lines  from  the  south  pole  of  the  field  and  repel 
those  from  the  north  pole.  When  this  action  is  sullicientlv 
great,  the  axis  along  which  the  magnetic  lines  tiow  is  ro- 
tated so  as  to  occupy  a  position  midway  between  the  polar- 
ity caused  by  the  fields  alone  and  that  caused  by  the  arma- 
ture alone.  When  the  brushes  are  placed  as  in  t  xg.  49  mid- 
way between  the  north  arid  south  poles  of  the  field,  the 
only  effect  of  the  magnetization 
of  the  armature  is  to  cause  inore 
lines  to  flow  into  the  armature 
from  the  top  of  the  pole  piece 
thrnn  from  the  bofttom.  The  tein- 
dency  is  to  rotate  the  axis  of  the 
magnetic       lines       which       pass 

throu2-h    the   armature.     It   does       ^       ^  ,. 

Counter  magnetic  motive 

not  directh'  tend  to  decrease  the  force  of  armature  reaction, 
liux  of  the  lines  through  the  ar- 
mature. As  will  be  seen  in  the  next  chapter,  it  is  necessary 
in  order  to  stop  sparking  to  rotate  the  brushes  a  short  dis- 
tance in  the  direction  of  the  rotation  of  the  armature.  This 
produces  the  condition  of  things  shown  in  Fig.  50,  in  w^hich 
the  armature  reaction  is  such  as  to  directly  oppose  to  some 
extent  the  passage  of  the  magnetic  flux  through  the  arma- 
ture. It  will  be  seen  that  if  the  brushes  were  rotated  still 
further  forward  that  the  magnetism  in  the  armature  would 
still  further  oppose  that  of  the  fields.  In  arc  dynamos  the 
armature  is  made  relatively  a  very  powerful  magnet  and 
its  magnetizing  action  is  fulh^  equal  that  of  the  fields.  By 
rotating  the  brushes  it  is  easy   to   see  that  the  amount  of 
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magnetic  flux  which  would  pass  throug-h  the  armature  could 
be  very  greatly  altered.  In  the  Wood  arc  dynamo  the  regu- 
lation is  entirely  effected  in  this  way.  In  the  Brush  arc 
dynamo  part  of  the  current  is  shunted  b}'  or  around  the 
jeld  coils;  this  m  ikes  the  armature  relatively  much  strong 
er  than  the  fields,  and  the  armature  reaction  prevents  mag- 
netic flux  from  flowing  through  the  armature,  as  will  be 
more  fully  explained  in  the  chapter  on  sparking. 

When  the  field  is  relatively  weak,  with  reference  to  the 
armature,  it  is  necessary  to  rotate  the  brushes  through  a 
great  degree  in  order  to  stop  sparking;  the  rotation  of  the 
brushes  makes  the  effect  of  the  armature  reaction  much 
greater  than  it  otherwise  would  be.  In  fact,  if  the  brushes 
of  a  Brush  arc  dynamo  be  always  rotated  to  such  a  position 
that  the  spark  is  the  same  length,  it  is  necessar^^  to  reduce 
the  current  in  the  fields  only  from  OVi  to  7  amperes,  to  re- 
duce the  flux  through  the  armature  from  a  maximum  to 
zero.  The  armature  reaction  with  10  amperes  is  equal  in 
magnetizing  force  and  opposite  to  that  of  the  fields  with  7 
amperes. 

If  the  brushes  of  a  series  dynamo  be  rocked  quite  well 
forward  in  the  direction  of  rotation  and  current  be  sent 
through  the  armature  alone,  the  magnetizing  force  of  the 
armature  will  set  up  a  powerful  magnetizing  flux  through 
the  armature  and  fields;  and,  if  the  machine  be  run  as  a 
motor,  it  will  opcTiaite  as  if  itihe  field  coils  were  in  (aidtliloai , 
with  the  exception  that  it  will  spark  furiously.  In  this 
case  the  armature  reaction  furnishes  the  magnetic  field. 

In  ordinary  constant  potential  dj^namos  and  motors  the 
irmature  reaction  is  a  necessarv  evil,  and  the  dvnamo  shouk. 


141 


be  carefully  designed  so  that  the  armature  magnetizing 
force  shall  never  reach  more  than  from  1-2  to  2-3  the  mag- 
netizing power  of  the  fields.  That  is,  the  ampere  turns  on 
the  armature  at  full  load  s'hould  be  from  1-2  to  2-3  the  am- 
pere turns  on  the  field  at  full  load. 

As  was  noitliced  in  Ohaptier  IX,  /tiheire  are 
twice  aiS  many  tuimis  of  iwir©  ii^equired!  on  a 
Gra'mm'C  ring  airmature  'as  on  la  drum  arma- 
ture to  produce  the  same  number  of  conductors,  in  which 
the  E.  M.  F.  is  set  up  b}^  means  of  the  rotation  of  the  arma- 
ture; that  is,  the  same  number  of  amperes  produce  twice 
as  many  ampere  turas  in  a  Gramme  ring  armature  as  in  a 
drum  armature  of  the  same  power.  This  fact  makes  the 
<Tramme  ring  a  superior  armiature  for  arc  dynamos  where  i 
<s  desired  to  have  the  armature  a  powerf^ul  magnet,  and  ind. 
cates  that  the  drum  armature  is  the  better  armature  for 
constant  potential  dynamos  in  which  the  armature  reaction 
is  to  be  avoided  as  much  as  possible.  It  is  to  reduce  the 
effect  of  armature  reaction  that  large  constant  potential 
dynamos  are  aiade  multi-polar. 

Fig.  51  is  the  diagram  of  a  six-pole  dynamo  with  a 
drum  armature,  and  shows  the  direction  in  which  the  cur- 
rents in  the  armature  flow.  It  will  be  seen  that  the  number 
of  turns  under  each  pole  may  be  made  quite  small,  but  that 
the  number  of  ampere  turns  required  on  the  fields  will  be 
larger  on  the  multi-polar  machine  than  on  the  bi-polar,  be- 
cause the  area  of  the  air  gap  is  relatively  much  smaller. 
The  small  number  of  turns  on  the  armature  and  the  large 
number  of  ampere  turns  required  on  the  field  make  it  pos- 
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sible  for  the  armature  to  carry  very  heavy  currents,  w^ithout 
allow^ing  the  number  of  ampere  turns  in  the  armature  un- 
der each  pole  to  become  great  enough  to  seriously  distort 
the  field. 


Figure  51 
Flow  of  current  in  multipolar  dynamo. 

©    Indicates  current  flowing  toward  the  observer. 
X    Indicates  current  flowing  away  from  the  observer. 


143 


QUESTIONS  ON  CHAPTER  XIL 


1.  ^^Tiat  is  armature  reaction? 

2.  On  \Vhait  does  the  streng-th  of  the  armature  as  a 
magnet  depend? 

3.  In  what  wa^^  is  the  armature  magnetized  with  ref- 
erence to  its  field? 

4.  Why  is  the  pole  piece  which  the  armature  is  leaving- 
in  a  dynamo  magnetized  more  strongly  'than  the  opposite 
one? 

5.  Why  does  the  movement  of  the  brushes  affect  the 
armature  reaction? 

6.  Why  does  armature  reaction  usually  reduce  the 
amount  of  flux? 

7.  How^  would  fhe  brushes  have  to  be  set  in  a  dynamo 
to  increase  the  amount  of  flux  through  the  armature? 

8.  In  what  kind  of  dynamos  is  it  desirable  to  have  ar- 
mature  reaction? 

9.  How  is  the  regulation  of  the  Wood  arc  dynamo 
effected? 

10.  How  as  the  regulation  of  a  Brush  arc  dynamo  ef- 
fected? 

11.  How  should  the  brushes  on  ^  motor  be  set  in  order 
ro  dispense  with  the  field  coil? 
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12.  In  constant  potential  machinery  how  strong  is  it 
best  to  make  the  magnetizing'  power  of  the  armature  at 
full  load  with  reference  to  the  fields? 

13.  Why  is  tihe  Gramme  ring  an  excellenft  foirm  oi  arma- 
ture for  a  constant  current  machine  and  a  poor  form  for  a 
constant  potential  machine  as  compared  with  a  drum  arma- 
ture? 

14.  What  device  is  used  to  prevent  the  effect  of  arma- 
ture reaction  in  large  machines? 

15.  With  the  same  number  of  turns  on  the  armature, 
bow  much  will  the  armature  reaction  be  reduced  by  chang- 
ing from  two  to  four  pole? 
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CHAPTER  Xlll. 


SPARKING. 


Intimately  connected  with  armature  reaction  is  the 
sparking-  that  occnrs  on 'the  conanratator  of  the  direct  cur- 
rent dj^namo.  Every  ordinary  machine  has  a  load  at  ^^^hich 
it  will  spark.  Consideration  of  Fig.  52  shows  that  the  cui 
rent  is  flowing  throug'h  the  coil  in  one  direction  just  before 
it  reaches  the  brush  and  is  flowing  through  it  in  the  oppo- 
site direction  just  after  it  leaves  the  brush.  During  the 
J'me  that  the  coil  is  short  circuited  by  the  brush,  the  direc 


Figure  52 
Commutation  in  Gramme  ring  armature. 

tion  of  the  current  is  completely  reversed.     Fig.  52  shows 
rhis   in    detail.     Three  coils   are    Sihown,   a,    b   and   c.     In  c 
the  current  is  traveling  through  the  coil  In  one  direction; 
the  coil  b  is  shori  circuited  by  the  brush.     In  c  the  curren 
;S  traveling  throtigh  the   coil  in  the   opposite  direction   U 
rhat  in  a. 
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The  eii]'rents  in  codlis  c  and  a  are  each  equal  'to  3inlf  the 
total  armature  current.  The  current  in  the  short  circuited 
coil  will  depend  on  the  field  in  which  it  is  moving  while  it 
i?  short  circuited.  If  it  is  still  under  the  influence  of  the 
north  pole  which  it  is  leaving-,  the  current  will  immediately 
increase  as  soon  as  it  is  short  circuited  by  the  brush,  and 
may  continue  quite  large  until  it  is  about  to  leave  the  brush. 
Then  the  resistance  in  its  circuit,  due  to  the  small  surface 
of  the  brush  which  rests  on  the  commutator  bar,  reduces 
it  to  zero.  A  current  must  now  in  a  very  small  instant  of 
time  increase  in  the  coil  b  from  zero  to  the  full  value  of 
half  the  armature  current.  The  self-induction  of  the  coil  b 
;;revents  this  fr'om  beino-  done  and  ithe  conimiutator  bair  c' 
leaves  tbe  brush  before  the  current  in  coil  b  has  reached  its 
full  value.  A  short  arc  is  now  formed  between  the  extremity 
of  the  brush  and  the  bar  c',  which  lasits  umtil  the  e^leetro- 
motive  force  has  overcome  the  self-induction  of  the  coil  b 
and  raised  its  value  up  to  that  of  half  the  armature  current. 
It  should  be  explained  here  that  the  self-induction  of  a  coil 
is  of  the  same  nature  as  inertia  in  a  weigiit.  The  inertia 
tends  to  prevent  motion  from  being  imparted  to  the  weight, 
hut  when  once  in  motion  the  inertia  tends  to  prevent  the 
weight  from  coming  to  rest. 

The  self-induction  in  a  coil  acts  the  same  way  with  ref- 
erence to  the  electric  current.     Tt  tends  to  j)revent  the  cur- 
ent  from  being  established  in  the  coil,  but,  when  once  es- 
tablished, tends  to  prevent  it  from  changing  value  or  from 
dying  out. 

The  self-induction  o'f  a  coil  surrounding  an  iron  core  is 
very  much  greater  than  that  of  the  same  coil  in  the  air; 
furthermore,  the  self-induction  of  a  coil  increases  as  the 
>qnare  of  the  number  of  turns  in  the  coil. 
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We  have  traced  the  action  in  the  coniniu.tation  of  the  coil 
h  to  where  the  brush  is  rocked  so  far  back  in  the  direction 
opposite  to  that  of  rotation  that  the  coil  b  is  still  cutting 
the  lines  which  flow  from  the  pole  which  it  is  leaving*.  Un- 
der these  circumstances  it  is  seen  thai  the  self-inductit)n  of 
the  coil  prevents  the  current  from  being  reversed  until  so 
late  that  a  small  arc  forms  between  the  point  of  the  com- 
mutator brush  and  one  of  the  commutator  bars  to  which  it 
is  attached.  This  continual  arcing  is  called  sparking.  When, 
however,  the  brush  is  rocked  forward  in  the  direction  of 
rotation  until  the  coil  b  is  cutting  the  lines  of  force  which 
flow  fi'HDm  the  pole  which  it  is  approaching,  the  action  is 
very  different.  Fig.  53  shows  the  relative  position  of  the 
poles  and  the  coil  being  commutated. 

When  the  brushes  are  rocked  into  the  position  shown  in 
Fig.  5:]  the  coil  b  is  short  circuited  while  it  is  cutting  lines 
from  the  south  pole,  or  the  pole  toward  which  it  is  approach- 
ing. The  E.  M.  F.  generated  in  the  coil  b  will  be  opposite 
to  that  generated  while  the 
coil  was  under  the  intlu- 
ence  of  the  north  pole; 
therefore,  as  soon  as  the 
coil  b  is  short  circuited  by 
the  brush  the  E.  M.  F.  set 
up  therein  tends  to  reduce 
the  current  in  the  coil  to 
zero  and  next  to  generate 
a  current  in  the  coil  in  the 
reverse  direction.  If  all  the 
conditions    are     just    right 

this  current  will  be  equal  to  half  the  armature  current  at 
the  moment  the  bar  c'  leaves  the  brush.     When  these  con- 


Figure  53 

Diagram  of  correct  and  sparkless 
commutation. 
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ditioiis  obtain,  there  is  no  possibility  of  any  arcing"  between 
the  commutator  bars  and  the  brush,  and  consequently  the 
commutation  is  sparkless.  It  is  necessary  that  the  coil  b 
should  be  in  a  field  which  will  not  tend  to  increase  the 
current  that  is  already  flowing*  in  it  at  the  moment  that  the 
coil  is  first  short  circuited.  It  is  clear  that  the  exact  con- 
ditions which  would  make  sparkless  commutation  possible 
If  sparkless  commutation  depended  only  upon  magnetic  con- 
ditions can  only  exist  for  one  particular  position  of  the 
brushes  and  one  particular  load  on  the  armature.  For,  sup- 
pose the  coil  b  were  short  circuited  in  a  quite  powerful  field 
of  the  pole  toward  which  it  is  appreaohing,  then  a  current 
flowing  in  it  at  the  instant  it  was  first  short  circuited  would 
die  out  almost  immediately  and  a  large  current  would  be 
sot  up  in  the  oppos!ite  drreotion,  amd  would  tend  to  increaise 
until  broken  by  tihe  ba,T  c'  lea.vinig  tlhe  brush.  Thii!s  would 
produce  'an  aire  due  to  oveir-commutaition. 

A  factor  of  quite  as  much  importance  in  commutation 
is  the  resistance  between  the  brush  and  the  commutator 
bais.  It  must  be  carefully  kept  in  mind  that  while  the 
cuj  rent  in  the  coil  b  is  being  reversed  by  the  small  j^.  M.  F. 
generated  in  it,  the  main  current  of  the  dynamo  is  passing 
from  the  commutator  bars  b'  and  c'  to  the  brush.  Ther;^ 
will  therefore  be  a  greater  or  less  difference  of  potential 
between  the  bars  b'  and  c'  and  the  brush.  This  difference 
of  potential  or  voltage  will  depend  on  the  resistance  be- 
tween the  brush  and  commutator  bars  and  also  upon  the 
current.  It  is  clear  that  if  there  should  be  a  tendency  in 
the  coil  b  to  over-commutate  by  being  placed  in  too  strong 
a  south  field,  this  local  current  must  flow  through  the  leads 
c''  and  b",  across  from  the  bar  b'  tthirouglh  the  brusih  to  tihe 
bar  c'  and  to  the  coil.     In  order  to  do  tihis  the  current  wihdcli 
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naturally  fl'o^ys  from  the  bar  b'  into  the  armatinre  will  be 
increased.  While  the  current  which  naturally  runs  from 
the  brush  throu.o.h  the  lead  or  connect.ion  e"  to  the  arma- 
ture is  reduced  by  the  same  quantity.  This  consideration 
w.ll  show  that  there  is  very  little  danger  of  over-commuta- 
Mon  when  the  armature  carries  a  fairly  large  load. 

The  tendency  of  a  considerable  armature  current  trav- 
eling from  the  brush  into  the  bars  and  so  into  the  armature 
is  to  immediately  stop  any  current  which  might  flow  in 
the  coil  b,  because  the  tendency  is  for  the  leads  or  connec- 
tions c"  b"  to  carry  the  same  amount  of  current.  And 
this  tendency  is  increased  if  there  is  considerable  resistance 
in  the  two  leads  c"  and  b".  When  these  two  leads  are 
carrying  the  same  amount  of  current  it  is  manifestly  im- 
possible for  any  local  current  to  circulate  in  the  coil  b.  As 
the  bar  c'  moves  away  from  the  brush  the  resiista.nce  tha^t 
the  current  meets  in  flowing  froim  the  bar  c'  increases  on 
account  of  the  smaller  surface  of  contact  between  the  brush 
and  the  commutator  ^ar  c'.  This  tends  to  reduce  the  cur- 
rent in  the  lead  c",  but  such  a  reduction  of  the  current 
must  be  accompanied  by  a  corresponding  increase  of  the 
current  in  the  coil  b. 

This  is  because  ithe  curwut  m  the  cioiil  b  plus  the  current 
in  Tlie  lead  c"  mustal^^'ays  equal  half  the  armature  current, 
and  anything  that  reduces  the  current  through  the  lead  c" 
must  increa:&e  the  current  through  the  coil  b. 

The  resistance  -between  the  brush  and  the  commutator 
bar  c*  thus  Dowerfully  tends  to  set  up  a  current  in  the  short 
circuited  coil  in  the  same  direction  that  it  will  flow  in  the 
roil  after  it  is  completely  commutated,  because  it  tends  to 
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produce  an  even  distribution  of  current  over  the  surface  of 
the  brush. 

As  the  baj-  c*  recedes  from  the  briisih  the  resL-^itance  to 
the  passage  of  current  to  the  left  hand  side  of  the  armature 
by  the  path  c'  and  c"  increases,  and  this  increases  the  ten- 
denc3^  of  ^^^  current  to  flow  through  the  coil  b.  When  the 
bar  c'  has  entirelj'  left  the  'brush  the  eurrerJt  in  the  coil  b 
will  be  equal  to  half  the  armature  current,  and  in  this  way 
again  sparkless  commutation  will  have  been  attained. 

If  the  brush  is  of  carbon  instead  of  copper,  the  resist- 
ance between  the  bar  and  the  brush  will  be  very  much 
gi-eater  with  liriishes  of  the  same  size.  But  even  with  a  car- 
bon brush  large  enough  to  carry  the  current  there  will  be 
from  three  to  five  times  the  voltage  between  the  commu- 
tator bars  and   the  brush  that   exists  with   a   copper  brush. 

A  still  more  important   factor  is   the   more  even  distri- 
bution of  current  between  the  brush  and  commutator  -bars 
that  the  carbon  brush  imposes.     The  resistance  of  the  car- 
bon is  at  least  100  times  as  great  as  that  of  a  block  of  cop- 
per the  same  size,   and   therefore  the  tendency  of  the  cur- 
rent to  spread  itself  out  evenly  over  the  surface  of  the  brush 
when   passing  from   the   commutator  bars   to   the   brush   is 
very  great.     If  this  effect  is  great  enough  when  the  brush 
covers  both  ccMumutator  bars  b'  and  e\  fully  25  amperes  will 
flow  from  each  commutator  bar  to  the  brush,  provided  the 
armature  is  carrying  50  amperes   (see  Fig.  54.)     When   the 
oommutator  bar  c'  has  advanced  so  t.liat  only  half  its  surface 
is  covered  by  the  brush,  1214  amperes  flow  into  the  brush 
from  the  com,m'ut.a.tor  bar  c'  25  amperes  from  the  commuta- 
tor b',  and  12i^  amperes  from  the  cominutiaitor  bar  a\  whiclr 
would    by   this  time   have  half  its   surface   covered   by   the 
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brush  (see  Fig.  55.)  At  this  instant  the  coil  b  would  be 
carrying  1214  amperes  into  the  left  'hand  side  of  the  arma- 
ture and  would  be,  so  to  speak,  three-quarters  eommutated. 
The  coil  a  would  be  carrying  VZy^  amperes  into  the  right 
hand  side  of  the  armature  and  would  be,  so  to  speak,  one- 
quariteir  commutate'd.  As  the  conimutator  bar  'c'  leaves  the 
brush  the  current  flowing  from  the  brush  into  the  commu- 
t.iltor  bar  c'  will  diminish  iinitil  at  the  insjtant  itihe  bar 
leaves  the  brush  it  will  be  zero,  and  the  current  in  the  coil 
b  will  correspondingly  increase  until,  at  the  instant  the 
commutator  bar  c'  leaves  the  brush,  it  will  be  equal  ito  fulJ  2r> 
amperes,  or  one-half  the  armature  current.  At  this  instant 
the  brush  would  rest  equally  on  the  bairs  a'  and  b',  25  am- 
peres would  flow  into  each  bar,  25  amperes  would  flow  into 
each  lead  a'*  and  b"  a.nd  the  current  in  the  coil  a  wo'udd  be 
reduced  to  zero,  or  it  would  be  half  eommutated  (see  Fig.56.) 

The  objection  to  the  copper  brush  is  that  the  resistance 
between  the  copper  brush  and  the  commutator  is  so  low 


Figure  54 

Current  from  armature  50  amperes.    Current  into  bar  c' ,  25  am- 
peres and  into  bar  b',  25  amperes.      Current  through  both 
c"  and  b",  25  amperes   each.     Current  in    coil  b, 
none.  Current  in  coils  a  and  c,  25  amperes  each. 
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that  the  current  can  easily  buneh  up  on  one  side  of  the 
brus'h;  for  instamee,  when  the  comini'uitator  bar  c'  ihaid  moved 
to  such  a  position  that  only  one-t'hir'd  oif  its  surface  rested 
under  the  brush,  the  resistance  of  contact  would  be  so  low- 
that  the  25  amperes  of  armature  current  could  easily  flow 
into  it.  If  this  should  be  the  case  the  current  in  the  coil  b 
would  have  to  be  built  up  almost  instantly  and  a  large  cur- 
rent would  flow  from  the  tip  of  the  brush  into  the  com- 
mujta'tor  bar  c'  just  as  itihe  bar  was  leavlnig"  the  bruish. 
Enough  current  would  flow,  in  fact,  to  fuse  the  very  tip  of 
the  brush  and  bar  at  the  edge  of  the  bar, 
and  the  fused  bit  of  copper  would  appear 
as  copper  dust  thrown  off  from  the  commu- 
tator. This  fusing  action  roughens  the  bars,  which  tends 
to  make  commutation  still  more  imperfect.  Trouble  of  this 
kind  once  started  grows  rapidly  worse,  until  it  is  necessary 
to  put  on  new  brushes  or  to  retrim  them  and  to  true  up  the 
commutator.  The  higher  resistance  of  carbon  makes  it 
impossible  for  enough  current  to  pass  from  the  edge  of  the 


Figure  55 

Current  from  armature  50  amperes.    Flush  covers  half  bar  c' 

all  of  b'  and  half  of  a'.    Current  into  bar  c',  12^/4  amperes. 

Current  into  bar  b',  25  amperes.    Current  into  bar 

a',  121^  amperes.     Current  through  coil  b, 

123^  amperes.    Current  through  coil 

a,  12H  amperes. 
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copper  l>ar  to  the  tip  of  the  carbon  brush  to  fuse  the  copper. 
The  action  just  described,  viz:  the  distribution 
of  the  current  over  the  surface  of  the  brush 
is  the  most  important  one  in  the  progress  of 
commutation.  The  only  thing  which  prevents  this 
from  always  produoing  spairkless  commuttiatiiion  is  (tihe  se'.i- 
indnction  of  the  coil  to  be  commutated.  It  is  clear  that  if 
commutation  is  to  take  place  easily  this  self-induction 
should  be  as  low  as  possible.  If  three-tenths  of  a  volt  ap- 
plied for  .1-100  of  a  second  is*  sufficient  to  overcome  the  self- 
induction  of  a  coil  of  one  turn  on  a  given  armature,  1  2-10 
volts,  or  four  times  as  much  as  would  be  required  to  over- 
come the  self-induction  and  reverse  the  current  in  a  coil  of 
tw^o  turns  on  the  same  armature.  Nine  times  3-10  would  be 
require(^  with  three  turns,  and  so  on,  for  the  self-induction 
of  a  coil  on  any  given  armature  is  proprtional  to  the  square 
of  the  iium^oer  of  turns  on  the  armature  coil. 

It    will   be   noticed   that    the    effort    to   commutate    the 
short   circuited  coil  due  to  the  resistance  of  the  brush  in- 


Current  from  armature  50  amperes.    Brush  covers  all  bars 
a'  and  b'.    Current  into  bars  a' and  b'.25  amperes  each. 
Current  in  coil  a=0.    Current  in  coilb  =  25 
amperes.  Coil  b  completely  commutated. 
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creases  wih  heavy  loads;  thus  there  is  twice  as  much  ten- 
dency for  the  current  to  flow  into  the  brush  evenly  with  50 
amperes  as  there  is  u^i'th  25.  Thi'S  giiveis  us  tt\v«ice  tihe 
volta.g*e  for  icommiitatiuc;'  the  ourrenit  tin  a  t^hont  eircuitcxl 
coil  when  50  amperes  are  flowing  than  is  available  when  a 
current  of  25  amperes  is  being-  produced  by  the  armature. 
On  the  other  'hand,  the  commutation  which  is  produced  by 
the  short  circuited  coil  cutting  the  lines  of  the  fleld  toward 
which  it  is  approaching,  grows  weaker  and  less  perfect  as  * 
the  load  increases,  because  the  increasing  load  increases  the 
armature  reaction  and  the  increased  armature  reaction 
weakens  the  field  which  the  coil  is  approaching,  while 
strengthening  the  pole  from  which  the  coil  is  receding. 
Therefore  the  commutation  produced  by  the  cutting  of  lines 
of  force  is  strongest  when  it  should  be  weakest  and  weakest 
when  it  should  be  strongest.  Since  perfect  commutation  is 
obtained  even  under  the  most  trjang  conditions  it  is  clear 
therefore  that  it  is  produced  mainly  by  the  tendency  to  the 
even  distribution  of  the  current  on  the  brush,  and  not  to 
the  character  of  the  field  in  which  the  short  circuited  coil  is 
moving.  In  order  to  obtain  the  best  results,  or  even  good 
results,  it  is  necessary  that  the  coil  while  short  circuited 
should  not  be  to  any  extent  under  the  magnetic  influence  of 
the  pole  from  which  it  is  receding.  We  niay  therefore  sum 
up  the  requirements  to  good  commutatiom  as  follows:  First, 
carbon  brushes  of  suflicient  width  to  give  the  coil  time  to 
reverse;  second,  low  self-induction  af  the  short  circuited 
coil,  so  th-at  only  a  small  E.  M.  F.  need  'be  applied  in 
order  to  reverse  the  current  in  it;  third,  an  armature  in 
which  the  reaction  is  sufficiently  small,  so  that  the  pole 
toward  which  the  short  circuited  coil  is  approaching  is  not 
vrry  much  weaker  with  the  heaviest  load  than  with  no  load. 
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The  above  description  applies  to  the  commutation  in  a 
dynamo.  The  same  description  will  apply  to  the  commu- 
tation in  a  motor,  except  that  in  order  to  obtain  magnetic 
reversal  of  thie  coil  the  brushes  muisit  be  rocked  in  a  direc- 
tion opposite  to  that  of  rotation  so  as  to  bring  the  short 
circuited  coil  under  the  influence  of  the  pole  which  the 
short  circuited  coil  is  leaving  instead  of  approaching,  as  in 
the  case  of  the  dynamo. 

A  little  thought  will  show  that  in  the  case  of  both  dy- 
namo and  motor  it  is  necessary,  in  order  to  produce  mag- 
netic commutation,  to  have  the  short  circuited  coil  under 
the  influence  of  the  pole  that  is  weakened  by  the  armature 
reaction. 

Figs.  No,  54,  55  and  56  show  in  three  steps  the  process 
of  commutation  in  coils  a  and  b. 
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QLJESTTOXS  ON  CHAPTER  XTIT. 


1.  What  happens  to  the  direction  of  flow  of  current  in 
^  a  coil  in  passing"  a  commutator  brash? 

2.  In  a  bi-polar  armature  how  much  current  is  passing 
through  each  coil? 

3.  On  wha^t  does  ^the  current  (in  thje  ooil  or  oodls  slh!0(rt 
circuited   by  the  brush  depend? 

4.  What  is  the  effect  of  introducing  resistance  in  the 
leads  between  the  armature  windii^g  and  the  commutator 
bar? 

5.  What  is  the  condition  of  sparkless  commutation? 

6.  What  is  the  effect  of  self-induction  in  a  coil? 

7.  How  much  sparking  would  there  be  if  self-induction 
could  be  entirely  eliminated? 

8.  Why  is  the  sparking  less  in  a  dynamo  and  greater 
in  a  motor  when  the  brushes  are  rocked  forward  in  the 
direction  of  rotation? 

9.  If  nothing  but  magnetic  conditions  govern  sparking, 
would  it  be  possible  to  obtain  perfect  commutation  under 
all  loads? 

10.  What  is  over-commutation? 

11.  How  would  you  set  the  brusihes  of  a  dynamo  so 
that  it  would  spark  less  with  a  load  than  without  ^  load? 
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12.  What  oMier  important  factor  is  to  be  considered  in 
.»ominntation? 

13.  What  is  the  effect  of  diflference  of  potential  l)e- 
tvNeen  the  brnsh  and  comnintator  bars  in  commutation? 

14.  Why  is  over-commutation  very  unlikely  to  occur 
will)    considerable   load   on  the  armaiture? 

15.  Why  do  carbon  brushes  prevent  sparking*? 

16.  Why  does  t^he  commutator  run  warmer  with  car- 
bon than  with  copper  brusihes? 

17.  If  means  could  be  devised  to  cause  the  current  to 
pass  evenly  from  the  brush  into  the  commutator,  what 
elTect  would  this  have  on*  sparking? 

IS.  Why  does  the  carbon  brush  approximate  this  con- 
dition more  closely  than  the  copper  brush? 

19.  Why  does  a  brush  which  covers  two  or  three  com- 
mutator bars  work  with  less  sparking  than  one  whicih  is 
very  narrow? 

20.  Describe  the  action  of  a  carbon  brush  in  producing 
oommutation. 

21.  Wh3^  is  sparking  usually' accompanied  by  cutting 
of  the  commutator? 

22.  If  it  is  necessary  to  use  a  copper  brush,  whait  must 
be  true   of   the   seif-induction   of  the  coils? 

23.  W^hat  does  the  fact  that  motors  may  be  run  iheavily 
loaded  in  both  directions  withouit  'Sparking  sihiow  as  to  tihe 
relative  importance  of  the  magnetic  conditions  and  the 
brush  design  in  producing  sparkless  commutation? 
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CHAPTER  XIV. 


WJXDIXG   OF  DYNAMOS  AND  MOTORS. 


The  oftioe  of  the  wire  on  an  electric  dynamo  or  motor 
is  twofold:  First,  wire  is  used  on  the  magnetizing  coils  to 
convey  the  current  which  causes  the  iron  or  steel  cores  to 
become  electro-magnets.  This  winding  should  simply  be 
disposed  and  connected  up  so  as  to  force  the  magnetic  flux 
around  the  circuit.  If  possible,  it  is  always  better  to  wind 
the  magnetizing  coil  in  the  shape  of  a  cylinder,  for  a  circle 
includes  the  largest  possible  area  with  the  smallest  jjossible 
periphery.  It  ^s,  of  course,  the  obje'ct  of  tbe  m^ignetizing 
coil  to  drive  as  manj^  lines  of  force  as  jDOssible  through  its 
interior;  at  the  same  time  it  is  very  desirable  that  the  length 
of  the  average  turn  of  the  field  wire  should  be  as  small  as 
possible.  Therefore  it  is  always  advisable  to  make  the 
cross-sections  of  that  part  of  the  magnetic  crrcuit  around 
which  the  magnetizing  coil  is  placed  a  circle  or  a  square 
with  the  corners  cut  off,  or,  if  a  laminated  pole  piece  is  used, 
a  s(juare.  The  field  winding  should  also  be  placed  as  close 
as  possible  to  the  air  gap.  This  is  to  prevent  as  far  as  pos- 
sible magnetic  leakage. 

The  second  object  of  the  wire  on  an  electric  d^'namo  or 
motor  is  to  carry  the  current  which  passes  through  the 
armature,     We  will  consider  simply  the  case  of  the  dynamo, 
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for,  as  was  pointed  out  in  the  chapter  on  "Electro-Motive 
Force,"  a  d}  namo  and  motor  are  perfectly  similar  machines, 
and  one  may  be  converted  Into  the  other  without  the  knowl- 
edge of  an  observer  watching  the  machine  in  operation. 

In  the  case  of  the  dynamo,  E.  M.  F.  is  generated  in  the 
armature  wires  as  they  pass  under  the  pole  piece.  An  equal 
amount  of  E.  M.  F.  is  generated  in  each  wire,  and  in  order 
to  get  the  b£st  result  these  wires  must  be  connected  up  into 
a  series,  so  that  all  the  electro-motive  forces  generated  un- 
der a  field  pole  shall  be  added  together. 

Wlien  +he  winding  is  arranged  so  that  this  is  accom- 
plished, the  current  will  flow  in  all  the  wires  under  each 
pole  piece  in  the  same  direction.  Since  the  E.  M.  F.  pro- 
duced under  the  north  pole  is  opposite  in  direction  to  that 
produced  under  the  south  pole,  it  is  further  necessary  to 
arrange  the  winding  so  that  the  current  in  all  the  wires 
uuder  the  north  pole  shall  flow  in  one  direction  and  the 
current  in  all  the  wires  under  an  adjacent  south  pole  shall 
flow  in   the  opposite  direction. 

A  study  of  Filgs;.  41,  42  and  21  will  miik'e  'tih'is  clea.rrr. 
Auy  armature  winding  which  fulfills  the  a'bove  conditions 
will  opf^raie  satisfactorily.  Fig.  57  is  a  diagram  of  the 
vvindiug  ou  a  two-pole  drum  armature.  Here  the  end  of 
one  coil  and  the  beginning  of  the  next  coil  are  brought 
down  and  aUtached  io  a  commmtator  segment.  iSupipose  56 
coils  are  used  on  the  armaiture  and  56  bars  in  the  commuta- 
tor, 'a.ud  four  turns  on  each  oodil,  and  that  iCri'e  armature  is 
of  such  diiaimeiter  as  to  aciconiimO'dii;t.e  56x4  equals  2i24  wiirei^ 
in  a  single  layer.  By  t'he  time  28  wires  or  ileacls  are  broiighlt 
down  to  the  ccimnuita'tor  the  whole  surface  wdlil  have 
r  Fen  covered  with  -a  layer  of  v\iires.     In  order  tto  brimg  down 
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rnoug'h  coiinertions  to  fill  up  tihe  o-ther  'half  of  ,tlhe  coiiiinu- 
tator,  it  will  be  necessary  to  wind  on  a  second  layer 
of  'wires  over  the  firs>t  layer.  Xo'w  between  any 
two  ordinary  coils  in  either  laj^er  of  the  armature 
'svjnding'  ithere  Avill  be  only  the  difference  of  jjoten- 
tial  or  Yoltag-e  that  exists  between  two  adjacent  bars 
in  the  commutator.  When  the  last  coil  is  wound  onto  the 
first  layer  it  will  be  seen  that  it  lies  alongsid,e  of  the  first 
coil  that  was  pnt  on,  so  that  between  the  first  and  last  coils 
that  are  put  onto  the  layer  of  the  armature  we  have  the 
full  voltage  which  the  armature  is  designed  to  carry.  There- 
fore, while  it  is  not  necessary  to  insulate  between  adjacent 
coils  in  the  sJcime  layer,  it  is  necessary  to  carefully  insulate 
between  the  first  and  last  coils  that  go  on  the  same  layer. 


Diagram  of  connection  of  bipolar  armature, 
horizontal  winding. 


A  study  of  Fig.  57  will  furthermore  show  that  there  is 
n  every  part  of  the  armature  the  full  difference  of  poten- 
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tial  of  the  arniature  between  the  upper  and  lower  layers 
of  wires.  Therefore  it  is  necessary  to  insnlate  very  care- 
fully the  npper  and  lower  layers.  A  winding  snch  as  is 
shown  in  Fig".  57  is  cal'led  a  horizontal  winclin"'.  If,  ins'tend 
of  winding-  the  four  tnrns  of  each  coil  alongside  each  other 
in  one  la3'er,  they  should  be  wonnd  with  two  tnrns  in  two 
layers  a  space  would  be  left  between  the  coils  which  are 
attached  to  adjacent  bars  on  the  commutator.  This  space 
may  be  filled  by  winding  in  a  coil  which  is  connected  to  a 
bar  on  the  opposite  side  of  the  commutator. 

Fig.  58  shows  a  diagram  of  this 
winding.  It  is  to  be  seen  that  each 
coil  must  be  insulated  from  its  neigh- 
bor for  the  fidl  difference  of  poten- 
tial in  the  armture.  This  is  called  a 
vertical  winding.  Practicalh',  a  hori- 
zontal winding'  is  less  liable  to  trouble 
than  the  vertical  winding*,  because  it  is 
ea>sier  to  insulate  the  layers  from  each 
other  than  it  is  the  vertical  divisions 
between   adjacent  coils.  Figure  58 


Diajjram   of    vertical 

winding  for  bipolar 

drum  armature. 


It    is    possible    to    curry    the    leads 
connecting  the  armature   winding  and 
the  commutator  bars  a  quarter  revolu- 
tion    more     or     less      around      the    armature      if      desired, 
in  order  to  bring   the  positon  of  the   brushes  into  a   more 
convenient  location  than  they  would  have  if  the  leads  were 
brought  out  straight  as  shown  in  Fig.  57  and  58. 

In  a  four-pole  machine  two  general  methods  of  winding 
may  be  pursued,  one  is  called  a  wave  winding,  the  other  a 
lap  winding.     In  the  wave  winding  there  are  only  two  paths 
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for  the  current  through  the  armature,  and  the  current  in 
passing  from  one  commutator  bar  to  the  next  is  compelled 
to  flow  under  all  the  poles  on  the  d3'namo.  This  is  shown 
in  Fig.  59.  With  a  wave  winding  either  two  or  four  brushes 
may  be  used.  This  method  of  winding  possesses  the  great 
advantage  that  the  E.  M.  F.  produced  in  each  of  the  two 
imths  in  the  armature  must  necessarily  be  equal,  even  if 
the  magnetic  flux  from  the  poles  is  very  unequal. 


Figure  59 
Wave  winding  on  four  pole  dynamo. 


The  diagram  shows  for  convenience  of  representation 
.1  conimii'tator  iwith  onlly  nine  'bars. 

The  brushes  in  a  four-pole  dynamo  are  placed  90  degrees 
apart,  in  a  six-pole  dynamo  60  degrees  apart  on  the  com- 
iuutator.  Tn  a  four-pole  dynamo  brushes  opposite  each 
otlier  should  be  connected  together.  In  a  six-pole  dynamo 
threc^  sets  of  brushes  120  degrees  apart  should  be  connected 
together  to  one  pole  or  terminal  of  the  dynamo. 
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Another  advantage  of  the  wave  winding  as  compared 
with  the  lax3  winding  for  small  machines  is  that  the  number 
of  turns  of  wire  on  the  armature  is  half  as  great  with  the 
wave  winding  as  with  the  lap  winding. 

When  one  is  calculating  the  voltage  which  will  be  pro- 
duced in  a  four-pole  cl\'namo  on  which  a  wave  winding  is 
to  be  emplo\'ed,  it  is  necessary  to  have  flux  enough  from 
c^ach  pole  to  produce  only  half  the  total  voltage  required. 
This  is  on  account  of  the,  fact  that  there  are  only  two 
paths   for   the   armature   current. 

The  lap  winding  shown  in  Fig.  60  is  perfectly  analogous 
to  the  winding  shown  in  Figs.  57  and  58.  In  this  machine 
there  are  four  paths  for  the  current  through  the  windings 
of  the  armature,  and  the  connections,  instead  of  being  com- 
plicated as  with  the  wave  winding,  are  as  simple  as  with 
the  two-pole  winding.  By  cross  connecting  opposite  bars 
of  the  cominutator  it  is  possible  to  use  either  two  or  four 
brushes  on  a  four-pole  armature  with  a  laj)  winding.  In 
the  w^Tve  winding  the  commutator  bars  are  cross  connected 
by   the   nrniatnre   wires   themselves. 


Figure  60 
Lap  winding  on  four  pole  dynamo. 
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In  the  Jap  winding  there  are  four  paths  for  the  arma- 
ture cnrre..t  through  the  armature.  There  must  neces- 
sarily be  four  bruslies  on  the  eounuutator,  unless  thc^ 
commutator  is  cross  connected,  and  the  voltage  produced 
ni  each  of  the  four  circuits  depends  on  tlie  magnetic  flux  of 
Its  respective  pair  of  poles. 

It  may  happen  in  this  way,  that  after  the  armature  has 
worn  the   bearings  so  as  to  be  out  of  center  in  the  fields 
;.hat  the  R.  M.  P.  in  one  circuit  may  be  considerably  higher 
'Jian  that  in  the  circuit  on  the  opposite  side  of  the  armature. 

In  a  bi-polar  machine  the  two  sides  of  the  coil  must 
^pan  nearly  or  quite  180  degrees  of  the  armature  in  order 
that  one  side  of  each  coil  may  be  under  a  north  pole  while 
the  other  is  under  a  south  pole.  In  a  four-pole  machine 
each  armature  coil  must  span  nearly  or  quite  90  degrees 
for  the  same  reason.  In  a  six-pole  machine  a  span  in  each 
coil  of  00  degrees  is  required. 

One  peculiar  thing  is  noticed  in  a  wave  winding  on  a 
four-pole  machine,  when  there  are  about  half  as  manv  .lots 
.n  the  armature  as  there  are  bars  in  the  commutator.  One 
coil  cannot  be  connected  to  the  commutator  and  must  be 
taped  up  and  left  in  the  armature  without  any  electrical 
connection  with  the  rest  of  the  armature  winding.  Tap- 
<"§■  up  this  coil  makes  the  number  of  bars  in  the  commu- 
tator one  less  than  twice  the  number  of  slots  in  the  arma- 
ture Table  Xo.  7  gives  the  armature  windings  and  the  size 
of  the  wire  required  for  a  number  of  the  armatures  most 
commonly  used   in    the   United   States. 
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TABLE   No.   X.— Continued. 


WINDINGS  OF   ARC- ARMATURES. 
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COMPOUNDING  OF  DYNAMOS. 


We  have  considered  heretofore  two  general  methods  of 
field  winding,  viz:  shunt  and  series.  A  combination  of 
these  two  methods  is  called  compound  winding.  In  a  shunt 
wound  dynamo  the  excitation  is  almost  constant,'  but  the 
voltage  produced  by  the  dynamo  decreases  as  the  load  in- 
creases, due  to  four  causes:  First,  in  order  to  obtain 
sparkless  commutation  the  brushes  are  rocked  forward  into 
such  a  position  that  the  coil,  while  short  circuited  by  the 
brush,  is  under  the  influence  of  the  pole  toward  which  it  is 
approaching.  The  armature  reaction  with  the  brushes  in 
this  position  decreases  the  magnetic  flux.  This  lowers  the 
voltage.  Second,  the  armature  reaction  tends  to  bunch  the 
lines  very  greatly  under  one  side  of  the  pole 
and  to  thin  them  out  under  the  other  side 
of  the  pole.  In  a  surface  wound  armature  this  action 
does  not  greatly  alter  the  total  magnetic  flux,  but  when  an 
ironclnd  armature  is  employed  the  armature  teeth  are  satu- 
rated by  the  action  of  the  normal  field,  and  the  effect  of  the 
armature  reaction  cannot  greatly  increase  the  flux  of  the 
lines  under  the  dense  end  of  the  pole  piece.  Consequently 
all  the  lines  which  are  prevented  from  passing  into  the  ar- 
mature at  the  other  end  of  the  pole  piece  practicalh^  dimin- 
ish the  total  magnetic  flux  b}'  jnst  this  amount.  Third, 
the  current  flowing  through  the  shunt  fields  is  decreased, 
owing  to  the  loss  of  voltage  produced  In  the  armature  by 
the  effect  of  the  armature  reaction.  Fourth,  a  fourth  rea- 
son which  in  large  armatures  is  of  practically'  little  import- 
ance is  the  loss  of  voltage  due  to  the  resistance  of  the  arma- 
ture.    The  combined  effect  of  these  actions  is  to  reduce  the 
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voltao-e  from  T)  to  25  per  cent,  between  no  load  and  fnll  load. 
It  is  desirable,  of  course,  that  the  dynamo  produce  at  the 
lamps  a  perfectly  constant  voltage.  To  satisfy  this  condi- 
tion the  voltage  at  the  dynamo  at  full  load  must  be  greater 
tlian  the  voltage  at  no  load  by  the  amount  of  the  loss  of 
voltage  in  the  line.  In  order  to  accomplish  this  result  and 
counteract  the  effect  of  armature  reaction,  a  series  winding 
is  put  on  to  the  fields  of  the  dynamo.  The  effect  of  this 
series  winding  is  to  increase  the  ampere  turns  on  the  field 
coils  in  proportion  to  thfe  load.  Therefore,  when  the  arma- 
tnre  reaction  tends  to  rednce  the  voltage  by  the  greatest 
amount  the  series  coils  tend  to  increase  the  voltage  to  the 
"•reatest    extent.       Bv   using    the   proper    number   of    series 
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Figure  61 
Diagram  of  compound  winding  in  a  dynamo. 
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turns  the  effect  of  armature  reav^'tion  can  be  overcome  and 
the  voltag*e  increased  as  the  load  increases,  thus  making-  up 
for  line  loss.  Fig.  61  is  the  diagram  of  compound  winding 
on  a  dynamo.  Fig.  62  shows  the  effect  of  the  series  coil. 
Compound  winding  can  be  used  on  motors  as  well  as 
dynamos.  The  effect  here  is  to  increase  the  torque  and 
decrease  the  speed  of  the  motor  as  the  load  increases.  A 
little  thouijht  and  a  consideration  of  Fisr.  20  will  show  that 
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Figure  62 

Cppcr  line  shows  the  current  and  voltag.'  \vh"n  series  eoil  is  used 

L:)wer  line  shows  current  and  Vv)lta.i;e  when  plain 

shunt  winding  is  employed. 


the  torque  or  twisting  effort  is  proportional  to  the  current 
which  flows  throngh  an  armature  as  long  as  the  field  is 
constant,  and  is  always  proportional  to  the  prod^ict  of  the 
current  through  the  armature  and  the  strength  of  the  field. 
An  advantage  of  compound  wound  motors  is  that  the  speed 
variations  which  will  occur  when  a  plain  series  wound  motor 
is  used   are   confined   within   definite   limits.     At     the   same 


171 


time  the  advantages  of  the  series  motor  are  obtained,  viz: 
First,  powerful  starting  torque;  second,  the  decreased  effect 
of  armature  reaction,  which  show^s  itself  in  freedom  from 
sparking  at  heavy  loads.  In  calculating  the  number  of  am- 
]3ere  turns  required  on  a  compound  wound  d^^namo,  it  is 
iiecessary  to  calculate  the  number  of  ampere  turns  that 
would  be  required  to  force  five  or  ten  per  cent,  additional 
11 '.in:  through  the  circuit. 

The  effect  of  the  shunt  coils  is  usually  sufficient  in  an 
ironclad  armature  to  saturate  to  a  considerable  extent  parts 
of  the  magnetic  circuit.  This  makes  it  necessary  that  the 
ampere  turns  of  the  series  coil  should  be  much  greater  than 

would  otherwise  be  necessary. 

\ 

In  practice  the  ampere  turns  of  a  series  coil  at  full  load 
vary  from  one-third  to  one-half  the  ampere  turns  of  the 
shuift  coil. 
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QUESTIONS  OX  CHAPTER  XIV. 


1.  For  wliat  two  i^urposes  is  wire  used  on  a  dynamo 
or  motor? 

2.  Why  is  it  desirable  to  make  the  section  of  the  field 
<'oil  circular? 

3.  What  advantage  is  gained  by  i^lacing  the  field  coil 
near  the  air  gap? 

4.  In  order  to  have  a  motor  winding  properly  arranged, 
what  must  be  the  direction  of  the  current  in  all  the  ^vires 
under  each   pole  piece? 

5.  Why  does  the  coil  winding  on  a  four-pole  dynamo 
spnn  one-quarter  of  the  circuniference  of  the  armature? 

6.  IIow  mauA'  degTees  will  a  coil  span  in  an  armature 
inteiuled   for  a   ten-pole  machine?     Why? 

7.  ^Vhy  is  it  necessary  for  the  current  in  all  the  wires 
under  the  north  pole  of  a  motor  to  flow  in  one  direction  and 
jn   the  opposite  direction  under  the  adjacent  pole? 

8.  What  is  the  difrerence  of  potential  between  the  first 
and  last  coiis  in  the  same  layer  of  a  two-pole,  tw^o-layer 
horizontally  wound  armature  intended  for  500  volts? 

9.  If  the  armature  has  64  sections,  what  would  be  the 
difference  of  potential  between  the  third  and  fourth  coils? 
Eleventh  and   twelfth? 
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10.  Tn  the  same  armature,  what  would  be  the  diifer- 
ence  of  potential  between  the  upper  and  lower  layei's  of 
wire? 

11.  ^Vhat  is  a  horizontally  wound  armature? 

12.  What  is  a  vertically  wound  armature? 

13.  How  is  it  possible  to  connect  the  armature  to  the 
commu'taitor  so  as  to  have  the  brushes  set  in  any  desii^d 
position? 

14.  ^^llat  is  a  wave  winding?     What  is  a  lap  winding? 

15.  What  are  the  advantag-es  of  wave  winding*  for  ma- 
chines up  to   100  horse  j^ower? 

16.  Why  are  the  brushes  in  a  six-pole  dynamo  jDlaced 
60   degrees  aipart? 

17.  Explain  why  a  six-pole  armature  with  a  wave  wind- 
ing may  have  its  brus^hes  placed  in  the  saime  ix>si!tion  as  a 
hi-polar  machine? 

18.  A  four-pole  wave  wound  armature  has  a  flux  of 
one  and  a  half  millions  of  lines;  the  speed  is  1,200  revolu- 
tions per  minute;  there  are  45  slots  in  the  armature  and 
each  coil  has  four  turns  in  it.  What  will  be  the  voltage 
produced? 

19.  What  will  be  the  voltage  produced  by  the  same 
armature  if  la])  windang  is  used? 

20.  ^^'hat  ^m11  be  the  relative  resistance  of  the  arma- 
tures ^^ith  wave  and  lap  winding? 

21.  How  m:iy  a  lap  wound  armature  for  a  four-pole 
Diachine  be  connected  so  as  to  operate  with  two  brushes? 
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22.  What  will  be  the  difference  in  operation  of  a  wave 
and  a  lap  wonnd  armature  when  the  armature  is  not  central 
in   the  7>ole  pieces? 

23.  Why  is  it  impossible  to  use  an  armature  in  a  four- 
pole  wave  Avound  machine  with  an  even  number  of  slots  ii 
there  are  the  same  number  of  commutator  bars  as  arma- 
ture slots? 

24.  Make  a  diagram  for  a  wave  winding*  for  a  four-pole 
armature  having-  12  slots  in  the  armature  and  23  bars  in  the 
commutator? 

25.  What  is  a  compound  wound  dynamo? 

26.  What  is  the  object  of  jDutting'  a  series  coil  on  a 
dynamo? 

27.  WTiy  does  the  voltage  of  a  plain  sihunt  wound 
dynamo  decrease  with  the  load? 

28.  If  a  bi-polar  dynamo  produces  200  amperes  and 
the  shunt  ampere  turns  are  2,600  on  each  coll  and  there  are 
eigiht  turns  in  the  series  coil,  what  will  be  the  total  ampere 
turns  on  each  tieid  coil  at  full  load? 

29.  What  is  the  effect  of  compound  winding-  on  motors? 

30.  What  are  the  advantages  of  comx)ound  wound  mo- 
tors over  plain  shunt  wound  motors? 

31.  Why  will  a  500- volt  compound  wound  dynamo  that 
operates  \ery  well  on  500  volts  greatly  over-compound  when 
operated  at  250  volts? 
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CHAPTER  XV. 


PROPtrU   AFETHODS     OF    CONNECTING     UP     DYNAMOS 

AND  MOTORS. 


It  is  a  fact,  aii(l  one  which  for  a  long  time  remained 
iincliseoverecl,  that  a  dynamo  will  excite  itself  when  run  at 
the  proper  speed  and  w^ith  proper  connections  between  ar- 
mature and  fields.  It  is  also  true  that  in  order  that  a  ma- 
chine may  excite  itself  or  excite  its  own  field  magnets,  it  is 
first  necessary  to  send  a  current  from  an  external  source 
around  the  field  magnets.  This  current  drives  a  certain 
amount  of  flux  through  the  magnetic  circuit,  and  since  most 
of  the  magnetic  circuit  is  composed  of  iron,  a  part  of  this 
flux  does  not  disappear  when  the  current  is  cut  off.  This 
permanent  raagneti^im  is  called  residual  magnetism.  The 
residual  magnetism  will  be  greater  in  a  dynamo  with  an 
iruiiclad  armature  than  in  one  with  a  smooth  core,  because 
the  magnetic  circuit  is  so  much  more  perfect.  The  residual 
magnetism  in  most  cases  will  be  greater  with  cast  iron  field 
cores  than  with  wrought  iron  or  soft  steel.  The  amount 
of  this  residual  magnetism  with  an  ironclad  armature  varies 
from  one  to  five  per  cent,  of  the  total  flux  with  fully  excited 
fields.  The  writer  has  seen  a  500-volt  street  railway  gen- 
erator which  had  a  residual  magnetism  such  that  it  pro- 
duced' 25  volts  when  the  armature  was  run  at  full   speed. 
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This  residual  magnetism  produces  a  voltage  in  a  certain 
direction  depending  upon  the  way  in  which  the  current  has 
l)een  fiowing  through  the  tiekl  coils  and  upon  the  way  in 
which  the  armature  is  connected  up  to  the  comniuiator.  In 
order  that  a  dynamo  may  excite  itself,  it  is  necessary  that 
the  current  joroduced  by  the  residual  magnetism  shall  flow 
in  such  a  direction  as  to  sitrengthen  this  re- 
sidual magnetism.  If  the  current  produced  by  tlie 
residual  magnetism  flows  through  the  field  coils  in  the  oppo- 
site direction  this  will  tend  to  weaken  the  residual  mag- 
netism and  consequently  to  reduce  the  current  which  flows. 
If,  on  the  other  hand,  the  current  produced  by  the  residual 
magnetism  flows  through  the  field  coils  in  such  a  direction 
as  to  strengthen  it,  the  greater  magnetism  which  results 
will  strengthen  the  current,  and  this  in  turn  strengthens 
the  field,  and  this  process  goes  on  until  further  increase  in 
the  magnetism  is  prevented  by  the  saturation  of  some  part 
of  the  magnetic  circuit.  It  often  happens  that 
when  an  armature  is  re-wou-nd'  the  eonneicitions 
between  the  winding  and  the  commutator  are  made  in  such  a 
way  as  to  reverse  the  direction  in  which  current  flows  from 
the  ai-mature;  that  is,  the  brush  which  before  the  armature 
was  re-wound  was  a  positive  brush  may  become  a  negative 
brush.  This  reversal  of  the  direction  in  which  current 
flows  in  connecting  up  an  armature  is  very  easy  and  very 
frequently  occurs.  The  re-w^ound  armature  when  put  into 
the  old  field  produces  a  current  which  tends  to  flow  in  the 
opposite  direction  from  that  of  the  old  armature. 

This  current  tends  to  reduce  instead  of  strengthen  the 
residual  magnetism,  and  the  result  is  that  the  machine  will 
not  excite  itself  or  refuses  to  build  up.  In  order  to  correct 
this  difficulty,  it  is  only  necessary  to  reverse  the  connections 
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between  the  armature  and  the  fiekl  coil,  so  that  the  current 
produced   by   the   residual  magnetism  may   flow  in   such   a 
direction  as"  to  streug-then  this  residual  magnetism.     To  do 
this  either  the  leads  from  the  armature  may  be  crossed  or 
The  leads  from  the  fle-.d  m:iy  be  reversed.     \Vhe:i  -h?  fields 
have  both  series  and  shunt  coils  it  is  usually  more  conven- 
ient to  reverse  the  armature  leads  than  it  is  to  reverse  the 
leads   from   l)oth    series   and   shunt    coils.     When,   however, 
the  field  has  only  a  single  w-inding  it  will  usually  be  found 
to  be  more  convenient  to  rOverse  the  field  leads.     An  excel- 
lent method  of  determining  whether  the  armature  and  fields 
are  connected  in  such  a  way  that  the  machine  will  not  build 
un  is  to  measure  the  residual  magnetism  with  a  volt  meter 
with  the  field  circuit  open,  then  close  the  field  circuit,  and 
it  the  volta-e  drops   it  is  almost  a  certain   indication   that 
•he  armature  and   field   connections  are   reversed.     In   con- 
necting up  a  compound   wound  dynamo  to  its  circuit  it  is 
necessary  to  be   sure   that,  the  shunt   coils  and  series  coils 
tend  to  drive  the  lines  around  the  magnetic  circuit  in  the 
came   di'-ection.     If   the   series   coil   is  connected  up  in  the 
opposite  direction  to  the  shunt  coil  the  dynamo  will  build 
up  all  right  and  will  work  satisfactorily  on  very  light  loads. 
When,  however,  the  load  becomes  even,  five  or  ten  per  cent. 
„f  full  load,  the  voltage  drops  oil:  very  rapidly  and  it  is  im- 
oossible  to  get  full  voltage  with  even  half  the  load  on.   This 
is  because  the  ampere  turns  due  to  the  series  coil  decrease 
the  total  ampere  turns  acting  on    the   magnetic  circuit   in- 
stead of  increasing  them  as  the  load  comes  on.     This  lowers 
the  magnetic  flux  and   of  course  lowers  the  resulting  volt- 
age. 

\\\  shunt  and  compound  wound  dynamos  are  provided 
with  a  rheostat,  which  is  placed  in  series  with  the  shunt  field 
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ningiioMzing  circuit.     This  rheostat  is  a  resistance   capable 
ot  adjustmeTit  by  haiul,  by  means  of  which  the  current  flow- 
ing- throno-h  the  shunt  field  coils  may  be  regnlatefl.     When 
this   resistance  is  ail   cut  out  the   maximum   current   flows 
through  the  ..hunt  fields  and  they  consequently  have  a  maxi- 
mum mag-netizino-  power  and  the  maximum  voltage  is  pro- 
<luced.     If  this  voliage  is  too  high,  it  is  necessary  only  to 
insert  more  resistance  in  the  shunt  fields  by  a  movement  of 
the  rheostat,  aiul  thus  cut  down  the  magnetizing,  oower  of 
the  fields  and  therefore  the  voltage  produced  by  the'dynamo. 
It  sometimes  happens  that  a  dynamo  refuses   to  build 
np  because  there  is  so  much  resistance  in  the  rheostat  that 
the   cnrrenl    produced    by   the    residual    magnetism    is    not 
powerful  enough  to  sufficiently  increase  the  magnetism   of 
the  fields  to  begin  the  building  up  process.     Therefore  if  a 
n-achine  refuses  persistently  to  build  up  it  is  a  good  plan  to 
■short  circuit  the  rheostat.     This  cuts  out  the  resistance  and 
at  the  same  time  bridges  any  possible  open  circuit  that  there 
may  be  in  the  rheostat.     The  rheostat  should  be  arrano-ed 
so  that  the  field  circuit  can  never  be  suddenly  broken      tIiIs 
is  to  avoid  the  possibility  of  breaking  down  the  insulation 
of  the  field   coils  by  the   so-called   field  discharoe.      v    field 
d.scharge    is    said    to    occur   when    the    shunt    circuit    of    a 
dynamo  in  operation  is  suddenly  opened.     Anyone  who  has 
done  ^h,s  knows  that  a  very  long  thin  arc  is  produced;   the 
iength   of  the  arc   indicates   the  high   voltage  produced   by 
tae  discharge  and  the  small  size  of  the  arc  shows  that  th'^ 
current   is    comparatively   weak.     A    calculation    will    show 
v-hat  the  voltage  produced  by  such  a  field  discharge  may  be 
Suppose  a  shunt  field  of  a  tlO-yolt  dynamo  is  compose^!  of 
two  coils  each  of  1,500  turns,  also  that  the  magnetic   flux 
I'.'i^^ing  through   these  coils  amounts  to  4.500.000    lines      If 
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this  oh^eiiil:  is  opened  in  one  'seoond.  f.he  voltasre  whie^h  would 
he  produced  will  be  12x1,500x4,500,000  divided  by  100,000,000 
or  lo5  volts.  When  the  lield  e/irL*uit  is  opened  in  1-100  of  a 
second,  Hhe  voltaoe  Avill  be 


1,500x2x4,500,000 


100,000,0^)0  ^             1,500x2x4,500,000x100 
eqnals 

1  100,000,000 
100 


or  ID, 500  volts.  Such  a  voltage  as  this  is  very  apt  to  punc- 
ture the  insulation  of  a  field  coil  and  care. should  be  taken 
tliat  the  circuit  is  never  opened  in  such  a  way  as  to  expose 
the  insulation  to  such  a  strain.  The  production  of  an  ex- 
tremeh'  high  voltage  in  this  manner  is  simph'  a  reproduc- 
tion on  a  larger  scale  of  the  ordinary  battery  and  spark 
coil  used  for  igniting  gas  engines.  In  the  ordinary  spark 
coil  the  current  from  a  battery  of  two  or  three  volts  is 
passed  around  a  magnet  and  then  suddenly  opened  with 
the  production  of  a  spark  from  one-fourth  to  one  inch  in 
length.  Here  we  have  the  production  of  many  hundreds  of 
volts  from  two  or  three.  The  same  multiplication  takes 
place  when  a  shunt  field  is  opened   suddenly. 

Rheostats  for  the  shunt  circuit  of  a  dynamo  should  have 
sufficient  resistance,  so  that  when  it  is  all  inserted  the  volt- 
age in  the  dynamo  will  slowly  sink  to  zero.  This  method 
of  stopping  the   action   of  a  d^mamo   is  perfectly  safe   and 
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shonlfl  be  followed  wherever  possible.  Fig-.  63  shows  an- 
other diagram  of  the  connections  of  a  compound  wound 
dvnamo. 


Figure  63 
Diagram  of  connections  of  compound  wound  dynamo. 


Almost  all  stationary  motors  are  plain  shunt  wound 
machines.  Fig.  64  is  a  diagram  of  the  way  in  which  these 
motors  should  be  connected  up.  The  essential  point  in 
this  scihcme  'is  that  the  shunt  field  circul-t  be  always  closed 
through  the  rheostat  and  armature  so  that  a  field  discharge 
is  impossible.  The  rheostat  is  inserted  for  the  purpose  of 
not  permitting  too  great  a  rush  of  current  before  it  has 
attained  its  speed  and  consequently  its  counter  E.  M.  F. 

If  this  rheostat  were  arranged  so  that  when  it  was 
thrown  off,  tihe  armaiture  circuiit  should  be  opened,  the  open- 


181 


iiDg'  ojf  the  main  switch  would  break  t.he  ourrent  tihrough  'tihe 
shunt  fields  and  prod u'ce  a  field  dis<?h>arge.  An  arrano^ement  of 
a  startiin.o'  rheositat  like  this  has  been  )the  cHise  of  nnmberleSis 
burn -on  ts  in  field  coils.  If,  however,  the  resistance  of  the 
starting  rheostat  is  simply  sufficient  to  choke  the  current 
back  to  the  desired  amount  and  does  never  open  the  arma- 
ture circuit,  the  openini>-  of  the  main  ^\vitch  simply  cuts 
the   current   off   the    motor.       The    instant    after    the    main 
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Diagram  of  eomiections  of  plain  .shunt  wound  motor 


switch  is  opened  the  motor  armature  becomes  a  dynamo 
armature  at  practically  the  same  voltage  and  supplies  the 
field  coils  with  current  almost  as  long  as  the  armature 
continues  to  revolve.  In  this  v^ny  there  is  absolutely  no 
possibility  of  such  a  disturbance  of  the  shunt  circuit  such  as 
will  i^ro'dufc  any  alnioi-inal  sitiain  on  the  insulaltion. 
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An  automatic  rheostat  or  starting  box  is  one  which  is 
provided  with  a  spring,  which  tends  to  throw^  the  handle 
back  to  the  position  of  greatest  resistance.     (See  Fig.  65.) 


Q        0 
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Figure  Gj 
Diagram  of  automatic  startiug  box  showing  councctioii' 


A  magnet  holds  the  handle  in  opposition  to  the  sj^ring  in 
that  position  in  which  all  the  resistance  is  cut  out.  The 
magnet  is  usuall}^  energized  b\^  the  current  which  passes 
through  the  shunt  coils.  If,  for  am"  reason,  the  power 
w^hich  operates  the  motor  should  fail,  the  magnet  will  weak- 
en and  release  its  hold.  Tlie  spring  will  force  the  handle 
back  to  the  positon  of  greatest  resistance,  and  when  the 
power  is  again  thrown  on  the  line  the  motor  will  start  up 
in  the   ordinary  wa^'. 

If  the  resistance  in   the  starting  rheostat  were  entirely 
cut  out  and    the   73ower   was   thrown   onto   the   motor   from 
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ten  to  a  hnndrefl  times  full  load  current  wonld  flow  throiig-h 
the  armature,  causing-  very  bad  sparking  and  almost  cer- 
tainly blowing  the  fuses  which  protect  the  motor. 

Overload  rheostats  are  those  in  which  the  magnet  spok- 
en of  above  has  two  windings,  a  shunt  winding  w^hich  is 
the  more  powerful  and  a  series  w^inding  in  oppositon  to  it. 
With  normal  load  the  series  winding  does  not  diminish  the 
strength  of  the  magnet  suflHciently  to  release  the  rheostat 
handle,  but  with  an  overload  the  magnet  is  weakened  suffi- 
ciently so  a?  to  release  the  rheostat  handle  and  insert  the 
resistance  of  the  startincr  rheostat  in  the  armati>re  circuit. 
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Qrt:sTioxs  ox  CHAPTi^n  xv. 


1.  What  is  the  effect  of  residual  mag-netism  in  the  self- 
excitatimi  of  rlyiiamos? 

2.  Would  a  dynamo  in  which  there  was  no  residual 
mag-netism  excite  itself? 

3.  Why  will  reversing  the  connections  of  the  shnnt  coil 
prevent  a  dynamo  from  generating? 

4.  What  is  the  amount  of  residual  magnetism  in  or- 
d !  n a ry  i  r o n  -c  1  a  d   d y  n  am  os  ? 

5.  When  a  machine  begins  to  build  up,  w'hat  causes 
1:ie  voltage   to  stop   risiing? 

6.  Tf  a  dj'namo  could  be  made  without  iron  that  would 
build  up  if  supplied  with  a  residual  field  from  an  external 
source,  v>'hat  would  be  true  of  the  voltage  generated  by 
such  a  dynamo? 

7.  If  an  armature  fails  to  build  up,  wha.t  course  should 
he  ])ursued? 

8.  How  is  it  possible  to  be  certain  that  the  armature 
and  field  magnet  connections  are  properly  made  with  refer- 
ence to   the  residual  magne-tism? 

9.  "How  will  a  compound  wound  dynamo  act  when  the 
series  and  shunt  coils  are  reversed? 
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10.  Why  does  moving  the  arm  of  a  rheoslat  raise  oi- 
lower  the  voltage  cl  a  sihunt  or  compound  wound  dyuaano? 

11.  What  is  a  field  discharge? 

12.  What  will  be  the  voltage  from  a  field  discharge 
from  "the  Edison  dynamo  on  Fig.  2G,  iif  -there  are  1,500  turns 
on  eaeh  coil  aud  the  circuit  is  brolv^en  in  1-50  of  a  second? 

13.  What  will  be  the  voltage  produced  if  there  are 
5,000  turns  on  each  coil  and  the  circuit  is  broken  in  1-SO  of 
a  secoud? 

14.  How  should  the  rheostat  in  series  with  the  shunt 
coils  of  a  dynamo  be  arranged? 

15.  Why  is  it  desirable  to  have  a  starting  box  for  a 
shunt  wound  motor  that  will  never  break  the  circuit? 

in.  Explain  why  a  field  discharge  is  impossible  with  a 
starting  box  arranged   in  thi'S  w^ay. 

17.     What  is  the  object  of  the  automatic  starting  box? 

IS      Hnw  are  overload  automatic  rheostats  arranged? 
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CHAPTEK  XVr. 

DISEASES  OF  DYXA^rOS  AXD  MOTOKS:    TliEUl   SVM1>- 
TOMS  ASD  HOW  TO  CUKE   THE'M. 


\. — Open  Circuits. 

The  current  in   an  armature  flows  from  section   to  sec- 
tion  of  the  armature  winding  and  usually  has  to   pass   to 
the  commutator  to  pass  from  one  section  to  the  next.     Occa- 
sionally one  of  the  lead  wires  from  the  armature  windin- 
to  ihe  commutator  becomes  broken;  this  prevents  the  arma" 
tnre  cuvrent  from  flowino-  through   this  path    i:i   the  arma- 
ture.    But  it  will  be  noticed  that  when  the  coil  containing 
rhe 'broken  wire  is  shon  circMiited  by  the  brush,  current  wi!; 
How  through  the  whole  armature  in  a  normal  manner.     As 
soon,   however,  as   this  coil  leaves  the  brush  the  armature 
current  in  attempting  to  complete  its  circuit  through  this 
half  of  the  armature  winding  will  arc  from  one  commutator 
l:ar  to  the  next  one  in  its  attempt  to  flow  through  the  cir- 
cnit  in  spite  of  the  broken  wire.     This  arc  will  show  itself 
as  a  very  .bad  spark  at  light  loads  or  as  a  ring  of  fire  travel- 
ing around  the  commutator  if  the  voltage  is  high   enough 
to  keep  up  the  arc.     With  heavy  loads  the  sparking  becom'es 
very   furious    and   the   insulation    which   separates   the    two 
jcommutator  bars  between  which  the  arc  occurs  will  be  melt- 
ed out.     Any  one  Avho  has  once  seen    the  efl'ect  of  an  open 
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circuit  on  a  commutator  cannot  fail  to  recognize  it  if  seen 
a  second  time.  It  may  be  that  the  open  circuit  is  caused 
by  the  melting  of  the  solder,  which  attaches  the  armature 
wire  to  the  commutator  bar.  If  the  armature  winding  is 
com]:)leted  l\v  having  the  outside  of  one  coil  and  the  inside 
of  the  next  coil  soldered  into  the  commutator  bar  the  melt- 
ing of  the  solder  will  make  a  true  open  circuit.  If,  how- 
ever, the  connection  between  the  armature  winding  and  the 
commutator  bar  is  such  as  is  shown  in  Figs.  54,  55  and  56, 
the  open  circuit  will  be  only  partial  and  will  show  itself 
only  in  increased  sparking. 

The  cure  for  an  open  circuit  is  obviously  to  find  the 
broken  wire  and  repair  it.  If  the  trouble  has  been  due  to 
the  nieUin.L!'  of  the  solder  in  the  commutator  bars  these 
wires  should  be  thoroughl^y  re-soldered  at  once.  If,  how- 
ever, the  wire  is  broken  in  the  armature  somewhere  and  it 
is  desired  to  operate  the  machine  temporarily,  the  two  bars 
across  which  the  arc  occurs  may  be  soldered  together  or 
connected  together  in  some  other  way,  so  that  the  armature 
current  may  be  able  to  complete  its  circuit  through  this 
temporary  bridge.  It  is  possible  to  run  an  armature  tem- 
porarily repaired  in  this  way  for  several  weeks  without 
serious  trouble. 

r>.— Short  Circuits 

If,  in  a  properh'  wound  and  connected  armature,  two 
of  the  commutator  bars  be  connected  together,  the  voltage 
which  is  produced  in  the  coil  connecting  these  bars  will 
produce  a  very  great  local  current,  which  will  flow  through 
the  coil  and  complete  its  circuit  across  the  two  commutator 
bars.     Such  a  connection  would  be  a  short  circuit,  and  any 
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connection   that   allows  a   local   current   to    flow   through   a 
part  of  the  armature  winding  is  called  a  short  circuit. 

vSuppose  an  armature  with  a  resistance  of  1-10  of  an 
ohm  has  fifty  coils;  the  resistance  of  each  path  in  the  arma- 
ture will  be  1-5  of  an  ohm  and  the  resistance  of  each  coil 
will  be  1-25  of  1-5,  or  1-125  of  an  ohm.  If,  now,  this  arma- 
ture is  capable  of  producing  250  volts  each  coil  in  it  gen- 
erates 10  volts  on  the  average.  When  the  armature  is  work- 
ing properly  this  10  volts  simply  adds  itself  to  the  voltage 
produced  by  the  other  coils  and  is  expended  in  forcing  the 
armature  current  through  the  external  resistance.  If,  how- 
ever, the  two  bars  to  w^iich  this  coil  is  connected  be  short  cir- 
cuited, this  10  volts  will  expend  itself  in  producing  a  very 
great  local  current  through  this  short  circuited  coil.  The 
coil  generates  10  volts  and  its  resistance  is  1-125  of  an  ohm. 
The  CTirrent  which  will  flow  then  will  be  1,250  amperes;  this 
is  enough  to  heat  the  coil  red  hot  and  entirely  destroy  the 
insulation  in  its  neighborhood.  Trouble  of  this  sort  is  the 
most  destructive  that  can  occur  in  an  armature,  for  it  usu- 
ally compels  the  re-winding  of  the  whole  arniature.  If  the 
short  circuit  is  discovered  before  the  coil  has 
been  sufficient  hea-ted  to  destroy  the  insulation, 
and  it  is  absolutely  necessary  to  use  the  ar- 
mature temporarily  and  the  point  at  which  the  coil  is  short 
circuited  cannot  be  discovered,  each  turn  of  the  short  cir- 
cuited coil  may  be  cut  in  two  and  then  the  two  commutator 
bars  betw^een  w^hich  this  coil  is  connected  may  be  soldered 
together.  It  often  happens  that  one  wire  in  a  coil  touches 
its  neighbor  at  some  point  and  when  this  occurs  only  one 
turn  of  the  coil  will  be  short  circuited  and  only  one  turn 
I  will  get  hot. 
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A  short  circuited  coil  always  sliows  itself  by  getting 
warmer  than  its  neighbors  at  first,  and  if  not  soon  discov- 
ered will  snioke  and  finally  set  fire  to  the  insulation. 

If  an  armature  is  completely  short  circuited,  as  for  in-  . 
stance,  from  top  to  bottom  layers  in  a  h^ori- 
zontally  wound  armature  or  from  cf^il  to  coil 
in  a  vertically  wound  anmaitiire,  it  will  refuse  to 
run  if  it  is  a  generator  and  will  turn  a  half  revolution  if 
it  is  a  two-pole  motor,  or  a  quarter  revolution  if  >  it  is  a 
four-pole  motor.  Tn  a  bi-polar  machine  the  short  circuit 
of  the  armature  will  not  affect  the  distribution  of  the  cur- 
rent when  the  short  circuit  is  90  degrees  from  the  brushes, 
for  then  the  two  opposite  sides  of  the  commutator  are  at 
no  ditTerence  of  potential  and  no  current  will  flow  in  the 
short  circuit. 

C. — Sparking. 

The  principles  which  govern  perfect  commutation  were 
explained  in  the  chapter  on  "Sparking,"  but  many  other 
causes  beside  improper  design  of  the  dynamo  may  cause  a 
machine  to  spark.  When  the  commutator  is  in  good  con- 
dition, true  and  smooth,  and  the  brushes  have  a  firm  con- 
tact against  it  and  the  machine  invariably  sparks  at  a  heavy 
load,  the  trouble  may  be  attributed  to  a  poor  design.  In  a 
well  designed  machine  the  causes  for  sparking  will  be  a 
rough  commutator,  a  commutator  out  of  round,  or  brushes 
not  having  sut^cient  contact   against    the  commutator. 

In  fact,  the  causes  of  sparking  may  be  divided  into  two 
classes— sparking  from  electrical  causes  and  sparking  from 
mechanical  causes.  The  cause  of  the  electrical  sparking 
was  explained  in  Chapter  XV. 
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In  most  machines  built  at  the  present  time  any  spark- 
ing- that  there  may  be  is  principally  due  to  mechanical 
causes.  It  is  clear  that  in  order  to  have  sparkless  running 
the  brushes  must  at  all  times  touch  the  commutator.  The 
fact  that  from  some  cause  or  other  the  brushes  do  not  touch 
the  commutator  all  the  time  is  the  cause  of  most  cases  of 
sparking".  If  the  brush  is  not  free  to  move,  sparking  will 
result,  for  even  in  the  best  machines  there  w^ill  be  some 
movement  of  the  commutator  with  reference  to  the  brush, 
and  if  the  brush  cannot  follow  it  there  will  be  a  very  short 
arc  that  maybe  will  n-ot  be  seen  unitdl  the  oonimuta'tor  is 
blackened  and  burned  at  one  sppt. 

When  an  armature  is  slightly  out  of  balance  and  is  run- 
ing  at  a  very  high  speed,  there  will  be  a  vibration  of  the 
commutator,  and  if  the  machine  is  to  run  sparkless  the 
brushes  will  have  to  follow  this  vibration  of  the  commu- 
tator. In  order  that  the  brushes  may  follow  the  movements 
of  a  commutator  that  is  not  running  perfectly  true,  the  mov- 
ing part  of  the  brushholder  should  be  as  light  as  possible  and 
the  spring  tension  that  holds  the  brush  against  the  commu- 
tator should  be  as  heavy  as  possible.  This  condition  is  best 
fulfilled  in  a  brushholder  in  which  the  brush  alone  moves, 
for  in  such  a  brushholder  the  inertia  of  the  moving  part  is 
as  small  as  it  is  possible  to  obtain,  and  consequently  a  com- 
paratively small  pressure  will  enable  such  a  brush  to  follow 
the  uneven  motions  of  the  surface  of  the  commutator. 

The  writer  once  saw  a  motor  ^vhich  ran  at  3,700  revolu- 
tions per  minute,  which  could  not  be  prevented  from  spark- 
ing when  solid  brushes  were  used,  owing  to  the  fact  that 
the  commutator  did  not  run  perfectly  true.  When  leaf  cop- 
per brushes  were  employed  on  this  same  commutator  the 
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motor  ran  almost  sparldess,  due  to  the  fact  that  the  copper, 
with  its  large  number  of  separate  leaves,  always  made  con- 
tact with  the  com-mntator.     Another  cause  which  prevents 
the  brush  from  touching  the  metallic  part  of  the  commuta- 
tor is  the  use  of  insulation  between   the  commutator  bars 
that  does  not  wear  down  as  fast  as  the  commutator  bars 
themselves.     After  the   machine   has   run   for   a    time   these 
insulations  project  above  the  copper  bars  and  produce  both 
heating  and    sparking.     Poor  construction   of    the   commu- 
tator is  another  prolific  <3ause  of  sparking.     If  the  commu- 
tator is  not  perfectly  tight  the  centrifugal  force  will  throw 
out  one  bar  more  than  its  neighbor,  and  consequently  there 
will  be   spots  on  the   commutator     that   the   brush   cannot 
make  contact  with.     A  commutator   must   be  mechanically 
clean  in   order  to  run   sparklessly.     Spots  of  paint  or  dirt 
may  get  onto  a  commutator  and  get  between  the  brush  and 
the  copper  bar,  and  so  prevent  perfect  contact  at  one  point 
in  the  commutator  and  produce  sparking. 

A  cause  which  produces  as  much  sparking  as  improper 
mechanical  arrangement  of  the  brushholder  is  improper  set- 
ting of  the  brushes.  As  explained  in  the  chapter  on  spark- 
ingl  there  is  a  proper  place  for  the  brushes,  and  if  they  are 
noT placed  in  this  position  there  will  be  a  tendency  to  spark. 
The  brushes  being  in  a  wrong  position  will  first  heat  the 
commutator  and  roughen  it,  and  when  the  surface  of  the 
commutator  is  impaired,  sparking  will  result.  In  a  dynamo 
the  brushes  should  be  rocked  forward  in  the  direction  of 
rotation  into  such  a  position  at  no  load  that  the  voltage  is 
two  or  three  per  cent,  lower  than  the  maximum  voltage. 
Tn  a  motor  the  brushes  should  be  rocked  backward  into  such 
a  position  that  at  no  load  the  speed  is  increased  about  two 
per  cent,  above  t^he  lowest  speed. 
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D. — Heating  the  Conimutator. 

Abnormal  healing  of  the  commutator  is  clue  to  one  of 
four  causes:  First,  friction  of  the  brush  agaiilst  the  com- 
mutator; second,  improper  position  of  the  brushes  so  that 
there  is  forced  commutation;  third,  abnormally  heavy  cur- 
rents being  taken  from  the  armature;  fourth,  poor  contact 
lietween  br!is]}es  and  cominutator.  As  soon  as  it  is  deter- 
mined to  which  of  these  four  causes  the  heating  is  due,  the 
remedy  in  each  case  is  obvious.  The  heating  of  the  com- 
mutator in  many  instances  ma}^  be  remedied  by  the  substi- 
tution of  copper  brushes  for  carbon  brushes.  First,  because 
l^he  friction  between  the  commutator  and  the  copper  brus>i 
need  not  be  so  great  as  between  the  commutator  and  the 
carbon  brush,  and  still  more  important  because  the  electrical 
resistance  between  the  commutator  and  the  brush  is  very 
much  less  with  the  copper  than  with  tlie  carbon.  The  ob- 
jection to  the  use  of  the  copper  brush  on  any  commutator 
is  that  unless  it  is  gi\'^n  very  careful  attention  it  will  cut 
the  commutator  in  the  same  wa^^  and  for  the  same  reason 
that  a  bearing  without  oil   will  cut. 

E. — Grounds. 

When  a  machine  is  out  of  order  the  tirst  thing  to  do  in 
testing  it  is  to  find  whether  or  no  there  is  a  connection  be- 
tween the  winding  and  the  frame  of  the  dynamo  or  motor. 
Such  a  connection  is  called  a  ground.  A  single  ground  on 
a  machine  does  not  of  itself  impair  its  action;  it  only  ren- 
ders the  insulation  in  some  other  part  of  the  machine  very 
liable  to  break  down.  When  there  are  two  grounds  on  a 
machine  there  will  be  a  short  circuit  of  more  or  less  of  the 
winding,  for  the  current  will  run  from  one  part 
of  the  winding  through  one  ground  through  the  frame  of 
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the  machine  through  the  second  ground  to  the  other  part 
of  the  winding.  Such  a  short  circuit  usually  shows  itself 
very  plainly  by  burning  the  insulation  and  usually  stopping' 
the  operation  of  the  machine. 

Some  motors,  as,  for  instance,  street  car  motors,  are 
built  with  one  end  of  the  winding  grouncaed  to  the  frame. 
The  object  of  this  is  to  allow  the  current  after  it  has  passed 
through  the  motor  and  done  its  work  to  escape  through  the 
motor  frame,  axles  ami  iwheels  of  the  car  to  the  rails.  When 
such  a  motor  as  this  is  to  be  tested  for  a  ground  it  is  neces- 
sary to  opeii  the  connection  between  the  winding  and  field 
frame  before  the  test  is  made.  Testing  for  ground  is  usu- 
ally done  with  a  small  dynamo  provided  with  a  field  made 
of  permanent  magnets  and  operated  by  hand.  When  cur- 
rent passes  through  the  circuit  its  presence  is  made  known 
by  the  ringing  of  a  pair  of  small  bells. 

Partial  grounds,  as,  for  instance,  in  the  mica  insulation 
of  a  commutator,  ma^'  cause  severe  heating  of  a  part  of  the 
commutator,  due  to  the  arc  that  is  formed  between  the 
commutator  bars  and  the  commutator  core.  It  is  possible 
by  the  use  of  a  Weston  volt  meter  to  determine  just  where 
tlie  ground  is  in  an  armature,  provided  the  ground  is  per- 
fect or  nearly  so.  Pass  current  from  an  external  source  be- 
tween the  armature  core  and  the  winding,  and  test  the 
voltage  when  the  wire  carrying  the  current  rests  upon  a 
certain  commutator  bar.  Xext,  move  the  \vire  carrying  the 
current  four  or  five  b^rs  in  one  direction,  and  measure 
the  voltage  again.  If  the  voltage  is  higher  in  the  second 
case  than  in  the  first,  it  is  clear  that  the  current  passes 
through  more  of  the  armature  winding  in  the  second  case 
than  in  the  first.  It  will  be  necessary  then  to  move  the 
other  way.     Keep  on  testing  in  this  manner  until  a  bar  is 
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found  that  £»"ives  the  lowest  voltage.  Either  the  ground  is 
in  this  commutator  bar  or  it  is  in  the  armature  winding  in 
the  coil  that  is  connected  to  this  bar.  To  determine  this 
point,  unsolder  the  armature  wire  from  the  commutator 
bar  and  test  each  separately.  Even  when  the  ground  is  im- 
perfect it  is  possible  to  locate  it  within  one  or  two  bars  of  its 
exact  position.  The  armature  wires  may  be  unsoldered 
from  several  commutator  bars  and  each  coil  tested  sepa- 
raitely  with  a  mngneto  bell. 

A  single  ground  between  a  series  and  a  rfhunt  coil  may 
jirac'tically  short  circuit  a  dynamio,  for  ithe  serieis  and 
shunt  coils  are  connected  together  on  one  side  of  the  ma- 
chine, and  if  a  ground  should  occur  between  the  other  ex- 
tremity of  the  shunt  coil  aoid  a  series  coil,  a  cio'mplete  short 
circuit  would  result. 

F. — Open  Circuit  in  Field  Coil. 

If  for  some  reason  one  of  the  w^ires  in  the  shunt  Held 
coil  of  a  motor  or  dynamo  should  become  broken,  the  ma- 
chine would  not  operate,  because  it  would  be  impossible  lo 
produce  any  magnetic  flux.  This  would  show  itself  in  a 
dynamo  by  the  refusal  of  the  machine  to  build  up.  In  a 
motor  it  would  show  itself  by  the  refusal  of  the  motor  to 
null  any  load  and  by  blowing  the  fuses  when  the  start- 
ing rheostat  is  nearly  cut  out.  In  a  motor  a  very  easy  way 
to  test  this  is  to  see  whether  the  fields  are  excited  as  soon 
as  the  switch  is  closed  by  presenting  a  knife  or  any  mag- 
netic object  to  the  magnet  pole.  Another  way  of 
making  the  test  is  to  open  the  armature  circuit  and  close 
the  main  switch,  and  then  open  it  slowly.  If  the  field  wire 
is  broken  there  will  be  no  current;  if  the  field  is  in  perfect 
condition   there    will   be   an   arc   upon   the   opening   of   the 
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switch.  If  there  are  two  or  more  field  coils  on  the  motor 
it  is  easy  to  determine  the  one  in  which  the  broken  wire  is 
sitnated*  bv  turning  on  the  current  and  then  short  circuit- 
in  <.■  one  after  the  other  until  one  is  found  which,  when 
short  circuited,  allows  the  current  to  flow  through  the 
other  coils.     This  coil  will  have  to  be  removed  and  rewound. 

G.— Short  Circuit  in  Field  Coils. 

If   for  anv  reason.  Tfee  be-inwing  a,nd  end  of  a  coil  come 
in  contact,  the  resistance    of    the    coil  between  these    two 
points  is  cut  out,  and  the  current  will  flow  only  through  a 
part  of  the  coil.    In  iwactiice  this  eoiil  ^^■ill  shio^w  i.t«elf  by  rir.i- 
iiino-  cooler  than  the  others,  because  the  same  current  runs 
throuo'h  a  greater  resistance  through  the  other  coils  than  in 
tli«  short  circuMed  ooil.     By  measuring-  the  voltage  across 
the  damaged  coil  and  across  a  good  coil  the  amount  of  the 
damaged  coil  which  is  short  circuited  may  be  determined. 
This  coil  will  have  to  be   removed   and   rewound.     If,  from 
anv   cause,   such   as  long   use  or  improper  ventilation,    the 
ins-alation  on  the  wire  in  a  coil  becomes  charred,  so  that  il 
is  no  longer  a  a-ood  insulator,  the  current,  instead  of  flowing 
throuo-h  all  the  turns  of  a  coil,  will  leak  from  layer  to  layer. 
Such  a  coil  is  said  to  be  '-burned  out,"  and  may  be  detected 
by   running   cooler   than   a    coil  in   good   condition   and   by 
having   verv    much    less    magnetizing    power.     It  is    to    be 
observed  that   when   a   shunt  field    coil   becomes   short   cir- 
cuited or  "burned  out."  it   throws  a  great  deal  more   load 
on  the  other  field  coils;  for  instance,  if  there  are  two  held 
coils   on  a  motor  which  normally   take  one  ampere   at  220 
volts,  the  watts   wasted  in  each   coil  will  be  110.     If,   now. 
one  o^"  these  coils  be  short  circuited,  the  only  resistance  in 
the  circuit  will  be  that  of  the  other  coil,  and   the  current 
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through  this  coil  will  be  two  amperes,  because  one  coil  has 
onl\'  half  the  resistance  of  two.  The  voltage  on  this  coil 
will  be  220  volts;  therefore  440  watts  will  be  wasted  in  it,  or 
four  times  the  normal  heat  loss.  It  is  easy  to  see  that  if 
one  coil  should  become  short  circuited  this  would  be  almost 
certain  to  burn  out  the  other  coil. 

H. — Improper  Connection  of  Field  Coils. 

It  is  easy  to  see  that  in  order  to  be  effective  the  field 
coil  must  be  connected  up  in  such  a  w^ay  that  it  forces  the 
flux  around  the  circuit  in  the  same  direction 
that  its  mates  do.  Thus  in  the  Edison  dynamo 
shown  in  Fig.  23,  if  the  field  coil  should  be 
connected  up  in  sucfi  a  direction  as  to  make  both  pole 
pieces  north  poles,  it  is  obvious  that  there  would  be  no 
magnetic  flux  through  the  armature.  If  this  machine  were 
used  as  a  motor  the  armature  Avould  not  run  with  even  a 
small  load.  In  order  to  detect  this  trouble  it  is  necessary 
to  test  the  polarit}^  of  tfee  field  coils  with  a  compass.  If  it 
is  found  that  both  poles  are  the  same  it  will  be  necessary 
to  reverse  the  connections  of  one  of  the  field  coils.  If  the 
field  coils  should  be  connected  up  in  this  way  on  a  dynamo 
it  would  refuse  to  build  up,  and  the  only  way  to  detect  the 
trouble  would  be  to  send  current  through  the  field  coils 
from  an  external  source  and  test  the  polarity  of  the  pole 
pieces  with  a  compass.  Great  care  should  be  taken  when 
putting  on  a  repaired  field  coil  to  see  that  it  is  connected  up 
correctly. 

I. — Heating  of  Field  Coils. 

When  all  the  field  coils  on  a  new  machine  rise  to  a  tem- 
perature of  over  70  degrees  Fahrenheit  above  the  surround- 
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ing  air  they  are  too  warm  to  be  durable,  and  it  is  an  indi- 
cation that  not  enough  wire  has  been  used  in  the  field  coil 
by  the  manufacturer. 

When  on  an  old  machine  a  coil  gets  warm  while  an- 
other is  much  cooler,  it  is,  as  explained  above,  usually  due 
to  a  short  circuit  or  a  partial  burn  out  in  the  cool  coil.  The 
coil  that  is  hot  is  the  one  that  is  still  in  good  condition. 
The  only  way  to  lorevent  tlie  hea;ting  in  all  ithe  shunt  field 
coils  is  tie  increase  the  a miounit  >of  wire  on  tihe  colils. 

J. — Noise  When  a  Machine  is  in  Operation. 

In  machines  having  ironclad  armatures  a  humming  or 
singing  noise  is  occasionally  heard  when  the  armatures  run 
with  fully  excited  fields.  This  occurs  in  machines  which 
have  short  air  gaps  usually,  and  is  due  to  the  magnetic  pull 
exerted  on  the  tooth  of  the  armature  as  it  suddenly  comes 
under  the  influence  of  the  field  magnet.  The  mechanical 
force  due  to  the  magnetic  attraction  between  the  armature 
and  field  magnet  is  sutficient  to  mechanically  stretch  out  the 
tooth  a  fraction  of  a  thousandth  part  of  an  inch.  This  pro- 
duces a  small  air  wave  and  a  rapid  succession  of  these  as 
Lhe  armature  passes  under  the  field  magnet  produces  the 
noise. 

In  itself  the  noise  is  not  harmful  but  is  occasionally  an 
indication  of  tuLting  of  the  magnetic  lines  as  they  pass 
from  the  pole  piece  into  the  armature  teeth.  As  was 
learned  in  a  former  chapter  this  tufting  of  the  magnetic 
lines  produces  eddy  currents  in  the  pole  piece  which  waste- 
fullv  heat  it. 
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QUESTIONS  ON  CHAPTER  XVI. 

1.  What  IS  an  open  circuit? 

2.  How  does  an  open  circuit  show  itself? 

3.  How  may  an  open  circuit  be  temporarily  repaired? 

4.  What  is  a  s'hort  circuit? 

5.  How  much  current  will  flow  in  a  short  circuited 
coil  in  a  HO-volt  armature,  if  there  are  40  sections  in  the 
commutator  and  the  resistance  of  the  armature  is  2-100  of 
an  ohm? 

6.  How  will   a  short  circuit  show  itself? 

7.  What  will  be  the  effect  of  a  short  circuit  between 
the  upper  and  lower  halves  of  a  horizontally  wound  arma- 
ture? 

S.  How  will  a  short  circuited  armature  operate  dn  a 
motor? 

9.  What  is  the  most  ordinary  cause  of   sparking? 

10.  What  is  the  principal  mechanical  necessity  in  or- 
dier  to   prevent  sparking-? 

11.  Name  some  of  the  causes  which  prevent  the  brushes 
from  touching  the  commutator  continually? 

12.  What  is  the  objection  to  a  heavy  brush  holder  with 
a  carbon  brush  rigidly  clamped  into  it? 
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13.  What   is    the   effect   of      improper   setting  of     the 
brushes? 

14.  In  what  direction  should  dynamo  brushes  be  rock- 
ed as  the  load  increases  to  prevent  sparking? 

15.  In  what  direction  should  motor  brushes  be  rocked? 

16.  What  are  ^our  causes   of  heating  the  commutator 
of  a  machine? 

17.  What  is  a  ground? 

IS.     Whait   is   the    effect  lof   two    grounds   on    the    same 
machine? 

19.  Is  it  possible    to    successfully"  operate  a  grounded 
macliine? 

20.  WTiat  is  necessary  to  do  before  a  street  car  motor 
can  be  tested  for  a  ground? 

21.  How  is   it   possible   with  a   Weston  volt    meter   to 
locate  the  position  of  a  ground  on  an  armature? 

22.  How  may  a  ground  between  a  -series  and  a  shunt 
coil  short  circuit  a  machine? 

23.  How  will  an  open   circuited   field  coil  show  itself? 

24.  How  is  it  possible  to  locate  an  open  circuited  field 
in  a  motor? 

'25.     What  is  the  effect  of  a  short  circuit  in  a  field  coil? 

26.     Wliy  will  a  short  circuited  field  coil  run  cool  while 
a  short  circuited  armature  coil  becomes  very  warm? 
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27.  Why  will  one  short  circuited  field  coil  almost  cer- 
tainly burn  out  its  mate  if  there  are  only  two  on  the  ma- 
chine? 

28.  What  i's  the  effect  of  improper  connection  of  the 
field  coils? 

29.  When  all  the  field  coils  on  a  dynamo  or  motor  run 
warm  ihow  can  they  be  made  to  run  cooler? 

30.  What  is  the  cause  of  the  humming  noise  sometimes 
heard  in  machdnes  with  iron-clad  armatures? 
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CIIAT^TEK  XVII. 


ARC  AND   INCANDESCENT  LAMPS. 


A  large  part  of  the  electric  power  which  is  produced  at 
the  present  time  is  used  for  electric  lighting.  To  produce 
this  light  two  devices  are  used;  one  is  called  the  incandes- 
cent lamp,  the  other  the  arc  lamp.  In  the  incandescent  lamp 
a  comparatively  small  amount  of  current  is  forced  through 
a  thin  carbon  wire  of  very  high  resistance.  This  carbon 
wire  is  enclosed  in  a  glass  bulb  which  is  completely  ex- 
hausted of  air  and  is  supposed  to  contain  nearly  a  perfect 
vacuum. 

The  object  of  extracting  the  air  is  two-fold:  'First,  if 
3.n.y  oxAgen  ;^\ere  left  inside  the  bulb,  the  carbon  when  at  a 
high  temperature  would  greedily  combine  with  all  the  oxy- 
gen in  the  globe,  or  the  filament  would  burn  up.  Another 
reason  why  a  vacuum  is  desirable  is  that  if  there  were 
gases  inside  the  bulb  the  heat  of  the  filament  would  be  more 
readily  dissipated,  because  the  particles  of  gas  would  be 
heated  very  hot  by  contaet  with  the  incandescent  carbon 
filament  and  then  pass  tio  the  glasis  ^^alls  of  the  bulb,  aivd 
give  up  their  heat  to  it,  and  then  return  to  the  filament 
to  be  re^heated.  In  other  words,  if  there  were  gases  in  the 
bulb,  the  incandescent  filament  would  lose  its  heat  through 
both  radiation  and  conduction. 
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When  all  the  g-ases  are  exhausted  from  the  bulb  the 
only  loss  is  the  loss  by  radiation.  The  current  is  brought 
to  the  carbon  filament  by  two  platinum  wires  which  are 
melted  into  the  glass.  It  is  necessary  to  use  platinum  wire 
for  this  purpose,  for  the  reason  that  platinum  and  glass  ex- 
pand with  the  temperature  at  about  equal  rates;  all  other 
metals  expand  about  twice  as  rapidly  as  glass  does,  and 
contract  twice  as  fast,  so  that  if  iron  wires  were  fused  into 
the  glass  at  a  high  temperature,  a  small  space  would  be 
left  between  the  wire  and  the  glass  when  the  wire  was*  cold, 
through    which   the   air   could   slowly   creep    and   spoil   the 


'to 

vacuum 


The  light  given  off  by  an  incandescent  lamp  increases 
very  rapidh'  with  the  temperature.  A  lamp  on  100  volts  is 
nearly  as  hot  as  when  at  110  volts,  but  only  gives  about 
half  the  light. 
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Tt  is  desirable  to  work  the  lamps  at  as  high  a  tempera- 
ture as  possible,  in  order  to  get  as  much  light  as  possible 
out  of  them,  but  the  higher  the  temperature  or  voltage  at 
which  they  are  worked  the  sooner  they  burn  out. 

A  very  necessary  condition  to  the  long  life  of  an  incan- 
descent lamp  worked  at  a  very  high  temperature  is  that 
\he  voltage  he  eoiiFitaut.  A  lamp  may  give  a  very  good 
light  at  :110  volts  and  last  for  600  hours  that  would  not  last 
100  hours  on    112  or  113  volts. 

Therefore,  for  the  successful  operation  of  high  efficiencj' 
lamps,  or  those  in  which  the  carbon  filament  is  very  hot,  a 
very  steady  and  unvarying  voltage  is  essential.  The  most 
common  incandescent  lamp  produces  about  16  candle  power, 
is  operated  at  110  volts  and  requires  from  2i/o  to  4  watts  per 

2D3 


candle  or  from  40  to  64  watts  for  the  lamp.  As  an  average, 
it  may  be  said  that  each  lamp  takes  %  ampere  at  110  volts, 
or  55  watts;  that  is,  about  3V-  watts  per  candle.  As  the  in- 
candescent lamp  gets  old  the  light  that  it  produces  gets 
weaker  nnil  it  becomes  so  poor  a  device  for  transforming 
electri<?  energy  into  light  that  it  pays  to  take  the  lamp  down 
and  substitute  a  new  one. 

It  is  likely  that  some  time  the  heat  in  the  filament  of 
an  incandescent  lamp  will  be  used  as  the  heat  from  the  gas 
is  in  a  Wels-bach  gas  burner,  to  heat  an  oxide  that  has  the 
faculty  of  giving  oiT  a  great  deal  more  light  at  a  low  tem- 
perature than  carbon  his.  If  this  could  be  successfully 
done  it  would  increase  the  light  produced  by  the  incan- 
descemt  lamp  very  grea.tly. 

The  arc  lamp  is  best  adapted  for  lighting  streets  or 
large  areas  in  an  interior.  Tn  the  arc  lamp  a  small  part  of 
a  pencil  of  carbon  is  heated  intensely  hot  by  the  passage 
of  a  considerable  current  from  one  pencil  to  another  across 
an  air  space.  The  carbon  is  heated  to  about  7000  degrees 
F.  until  it  probably  vaporizes,  and  this  very  high  tempera- 
ture produces  the  most  intense  light   that  is  known. 

The  ordinary  incandescent  lamp  requires  Sy^  watts  per 
candle  power. 

A  current  of  10  amperes  at  45  watts  produces  2000  can- 
dle power  in  an  arc  lamp,  or  about  41/0  candle  power  per 
watt. 

The  objection  to  the  arc  light  is  that  it  is  so  intense  that 
it  casts  deep  shadows  and  dazzles  the  eye.  This  difficulty 
has  been  partly  overcome  in  the  enclosed  arc  lamps  that  are 
coming  into  such  general  use. 
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In  these  lamps  the  arc  is  produced  in  a  glass  globe  that 
is  arranged  so  that  very  little  fresh  air  can  get  in. 

The  oxygen  in  the  globe  is  very  soon  consumed  by  the 
carbon  and  the  carbon  thus  burns  away  much  more  slowly 
than  it  would  in  the  open  air. 

The  arc  lamp  must  be  provided  with  automatic  mechan- 
ism that  will  feed  the  carbon  down  as  fast  as  it  is  consumed 
and  so  keep  the  arc  the  same  length.  The  mechanism  for 
accomplis.iiing  this  result  in  the  old  lamps  was  in  isioiUi^ 
cases  quite  complicated,  but  in  the  modern  lamp  there  is 
very  little  mechanism. 

In  general,  the  operating  mechanism  of  an  arc  lamp  is 
composed  of  a  magnet  that  grows  weaker  as  the  arc  gets 
larger,  and  at  a  certain  point  grows  weak  enough  to  release 
a   clutch  that  allows   the  carbons  to  come   closer  together. 


Figure  66 
Diagram  showing  action  of  series  arc  lamp. 
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Before  the  carbons  can  drop  together  the  current  through 
the  lamp  is  changed  and  the  magnet  strengthened  and  the 
motion  of  the  carbons. arrested,  and  they  are  drawn  a  prop- 
er distance  apart. 

Figs.  66  and  67  are  diagrams  that  illustrate  the  action 
of  the  series  lamp  and  the  modern  constant  potential  lamp. 

In  the  series  lamp,  in  which  the  strength  of  the  current 
is  constant,  the  strength  of  the  magnet  was  varied  'by  using 
a  series  coil  and  a  sihunt  coil  dn  oppo^siition  to  it.  The  sihunt 
coil  is  connected  across  the  arc  and  when  the  arc  is  long 
the  current  in  this  coil  is  greait  and 'the  strength  of  the  eoui- 
bined  series  and  shunt  coils  is  small,  thus  allowing  the  car- 
bons to  drop  together. 


'  Figure  67 

Diagram  showing  action  of  constant  potential  arc  lamp. 
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QUESTIONS  ON  CHAPTER  XVII. 


1.  How  is  the  light  produced  in  an  incandescent  lamp? 

2.  Wh}^  is  a  vacuum  necessary  in  the  bulb  of  an  incan- 
descent lamp? 

3.  Why  is  it  necessary  to  use  so  expensive  a  metal  as 
platinum  to  carry  the  ■current  to  the  carbon  filament 
t'hroug-h  the  glass? 

4.  What  is  the  necessary  condition  of  the  voltage  of 
supply  to  produce  a  bright  light  and  a  long  life  in  an  in- 
candescent lamp? 

5.  How  many  watt's  are  used  in  an  ordinary  16-candle 
power  incandescent  lamp? 

6.  When  does  it  pay  to  destroy  an  incandescent  lamp 
and  suibstitute  a  new  one? 

7.  What  is  the  temperature  of  the  electric  arc? 

8.  How  many  watts  per  candle  power  are  required  in 
an  arc? 

9.  Why  do  the  modern  inclosed  lamps  give  better  illu- 
mination but  less  light  than  the  old  style  open  arcs? 

10.  Why  do  the  inclosed  arc  lights  burn  so  much  long- 
er than  the  open  ares? 

11.  Describe  the  feeding  meohanism  in  a  consta/nt  cur- 
rent   arc    lamp. 
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CHAPTER  XVIIL 


MEASURING  INSTRUMENTS. 


There  are  a  great  man}^  instruments  used  for  measuring' 
various  electrical  quantities,  but  all  that  can  be  considered 
in  this  chapter  are  volt  meters  and  ammeters  of  the  more 
common   type. 

Common  volt  meters  are  really  ammeters  with  a  very 
high  resistance  in  circuit  and  so  arranged  that  the  current 
which  passes  through  them  is  pix>poirtional  it^o  the  voltage; 
therefore  what  the  meter  actually  measures  is  the  amount 
of  curren't  tlhat  iactually  passes  through  it,  but  as  ith^e  cur- 
rent is  proportiional  to  "the  voMage.  the  movememts  of  the 
measuring  instrument  may   be  made   to   read  volts   direct. 

Fig.  68  is  a  diagram  showing  the  way  in  which  a  Weston 
meter  is  constructed.  This  is  an  excellent  illustration  of 
the  fundamental  fact  on  which  the  operation  of  motors  de- 
pends. 

A  permanent  magnet  M  caus.es  magnetic  flux  to  flow 
across  the  gap  G;  situated  in  this  gap  is  a  bobbin  W,  on 
which  are  wound  a  number  'of  tunms  of  copper  wire.  The 
bobbin  is  made  of  copper  and  is  arranged  to  revolve  on 
jewel  bearings.  Two  springs,  one  above  and  one  below  the 
bobbin,  carry  the  current  from  the  movable  bobbin  to  the 
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stationary  part  of  the  meter.  If  cjurrent  is  now  passed 
through  the  bobbin  by  way  of  the  spring's,  the  current  will 
flow  downwards  on  one  side  of  the  bobbin  and  upward  on 
the  other  side.  Thus  the  current  in  both  sides  of  the  bobbtn 
produces  a  torque  which  moves  the  bobbin  against  the  force 
of  the  two  hair  springs  S.  The  bobbin  will  continue  to 
move  until  the  torque  exerted  by  the  current  equals  the 
counter-torque  exerted  by  the  two  springs.  A  pointer  reg- 
isters the  amount  of  motion  and  the  position  of  the  pointer 
is  read  off  as  volts. 


Figure  68 
Diagram  of  connections  and  moving  parts  of  Weston  voltmeter. 

A  little  examination  will  show  that  the  torque  exerted 
by  the  wires  carrying  the  current  on  bobbin  B  is  propor- 
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tional  to  the  current,  for  the  flux  is  constant  throughout 
the  whole  air  gap.  It  is  also  true  that  the  counter-force 
exerted  by  the  two  hair  springs  is  proportional  to  the  move- 
ment of  'the  bobbin;  therefore  twice  as  much  current  in 
the  wires  or.  the  bobbin  will  produce  twice  as  much  move- 
ment of  the  pointer  over  the  scale.  The  magnet  M  is  made 
of  Tun-sten  steel  and  is  artificially  aged,  so  that  when  the 
instrument  is  turned  out  of  the  factory  the  magnetizing 
power  of  the  magnet  will  remain  constant  for  years. 

Current   is   brought   into    the    instrument   through    the 
binding  posts  A  and  C,  but.  before  passing  through  the  wire 
on  the\obbin,  the  current  must  traverse  the  very  high  re- 
sistance E;  this  resistance  is  from  70.000  to  100.000  ohms  for 
a  volt  meter  intended  for  a  600-volt  circuit.     Therefore  the 
current  which  passes-through  the  wires  on  the  bobbin,  even 
with  full  voltasre.  is  very  small,  and  with  100  volts  will  be 
not  much  over  1-800  of  an  ampere.     Yet  this  small  current 
i.  able  to  produce  very  considerable  deflection  in   the  two 
hair  springs  which   resist   the   motion  of  the  bobbin.     An- 
other very  excellent  point  in  the  design  of  this  meter  is  the 
way  in  which  it  is  made  deadbeat.  or  the  way  in  which  the 
needle  is  prevented  from  vibrating  back  and  forth  on  each 
side  of  the  point  at  which  it  will  finally  come  to  rest.     The 
bobbin  B  is  made  of  copper,  and  when  it  moves  there  will  be 
generated  in  it  currents  which, according  to  Lentz's  law.tend 
to  prevent  its  motion.    The  mechanical  momentum  given  to 
the  bobbin  by  the  action  of  the  current  in  the  wires  that 
are  wound  on  it  is  absorbed  by  these  Foucault  or  eddy  cur- 
rents in  the  copper  bobbin.    The  Weston  direct  current  me- 
ters are  almost  perfectly  deadbeat. 
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Tn'  iFig".  69  is  la  sketch  of  the  Weston  di- 
rect ourreir^  ammeter.  The  worjcing  pants  art^ 
preoisely  the  same,  the  principle  of  operaitioin  is  dclenti- 
so  far  as  the  actual  indicating*  niechanism  is  concerned,  if 
it  were  not  that  rhe  bobbin  is  wonnd  with  coarser  wire. 
The  wire  on  the  bobbin  is  a  shunt  on  the  resistance  R.  The 
whole  current  to  be  measured  passes  throug-h  the  meter 
from  binding"  post  A  to  post  C.  In  doing  so  it  has  to  pass 
through  the  resistance  E.  The  voltage  at  the  extremities 
of  this  resistance  is,  according  to  Ohm's  law,  proportional 
to  the  current;  or,  looking  at  it  in  another  way,  the  current 
will  divide  between  the  resistance  R  and   the  bobbin  B  in- 


Figure  69 
Connection  of  Weston  ammeter. 
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versely  propoi^tional  to  their  resistances.  Therefore,  iwhen 
a  large  current  is  passing  through  R,  a  correspond ingl}' 
large  current  is  passing  through  bobbin  B.  As  we  have 
seen  in  Fig.  68,  the  position  of  the  pointer  registers  the 
amount  of  current  passing  through  the  bobbin,  and  it  will 
be  seen  that  the  position  of  the  pointer  may  be  read  off 
directly  as  amperes. 

A  large  class  of  the  cheaper  measuring  instruments  de- 
pend for  their  action  upon,  the  attraction  of  a  solenoid  for 
a  piece  of  iron.  The  attraction  of  the  solenoid  is  balanced 
by  a  spring  or  gravity  and  the  position  at  which  equilibrium 
occurs  is  a  measure  of  the  attracting  force,  and  therefore  a 
measure  of  the  ampere  turns  in  the  solenoid.  Whether  the 
position  of  the  pointer  is  to  be  read  off  as  volts  or  amperes 
depends  on  whether  the  coil  is  wound  with  fine  wire  or 
coarse  wire. 

A  serious  objection  to  these  instruments  in  so  far  as 
their  accuracy  is  concerned,  is  that  the}^  will  record  higher 
values  on  descending  amperes  or  volts  than  on  ascending. 
This  is  due  to  the  residual  magnetism.  When  a  current  of 
25  amperes  would  pass  through  the  meter  this  would  cause 
a  certain  number  of  lines  of  force  to  pass  through  the  iron 
part  of  the  meter.  When  the  current  sank  to  ^3  amperes 
a  certain  number  of  lines  due  to  the  25  ampere  current 
would  sitill  remain  in  the  iron,  aind  this  number  would  be 
greater  when  the  current  would  pass  from  25  amperes  to 
33  amperes  than  when  it  passed  from  21  to  23  amperes. 
The  mechanical  force  acting  on  the  iron  would  be  greater 
in  the  first  than  in  the  second  case  and  therefore  the  am- 
peres indicated  will  be  higher.  Error  due  to  this  cause 
amounts  to  from  2  to  10  per  cent.,  depending  on  the  con- 
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stniction  of  the  meter.  Fin..  70  shows  one  style  of  ma- 
aetie  vane  meter.  Fig.  71  shows  the  meter  ibuilt  by  the 
Western  Electric  Co.  Fig.  72  shaws  a  style  of  meter  former- 
ly built  hy  the  Brush  Electric  Co.  Fig.  73  shows  the  type  of 
meter  built  by  the  Westinghouse  Electric  Co. 


Figure  70 


Magnetic 


•  vane  voltmeter  depending  on  repulsion  of  two 
similarly  magnetized  Iron  strips. 
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Figure  71 

Western  electric  meter  depending  on  effort  of  iron  strip  to  get  into 

as  powerful  field  as  possible,  or  to  get  as  near  to  the 

wire  carrj'ing  current  as  possible. 
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Figure  72 

Brush  Electric  Co.  voltmeter  and  ammeter  in  which  the  attraction 
of  a  Solenoid  for  an  iron  core  is  weighed. 
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Figure  73 

Westinghouse  voltmeter  and  ammeter  showing  laminated  core  for 
Solenoid.    This  is  adapted  for  alternating  currents. 
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THOMPSOX  KECOKDTXrx  WATT   METEK. 

Most  of  the  recording  meters  in  use  in  this  country  are 
of  this  type.  In  general,  the  meter  is  simply  an  ordinary 
motor,  except  that  it  is  built  without  iron,  as  shown  in 
Fig.  74.  Attached  to  the  shaft  of  this  motor  is  a  retarding 
disc,  which  is  made  of  copper  and  is  revolved  between  per- 
manent field  magnets.  The  field  coil  in  this  meter  is  usu- 
ally made  of  coarse  wire,  aiid  through  it  passes  the  current 
to  be  measured.  The  armature  is  wound  up  with  fine  wire 
and  is  connected  up  to  a  small  commutator  composed  of 
silver  bars.  Two  thin  silver  brushes  touch  this  commutator 
and  carry  the  current  to  and  from  the  armature.  The 
torque  on  the  motor  is  proportional  to  the  product  of  the 
current  in  the  fields  and  armature.  In  well  regulated  sj^s- 
tems,  the  voltage  supplied  is  iso  nearly  -eomstJajnt  'thajt  the 
current  in  tine  armn tnre  lis  practically  the  same  ibr  any  load. 
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Figure  74 

Diagram  of  connections  and  operation  of  Thompson's 
recording  wattmeter. 
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It  should  he  rem-airked  thait,  in  order  'to  reduce  the 
current  wasted  in  passing  through  the  armature  to  the 
smallest  possible  amount,  there  is  in  series  with  the  arma- 
ture a  very  large  external  resistance.  The  voltage  supply 
being  practically  constant,  the  current  through  the  arma- 
ture will  also  remain  constant.  Eddv  currents  are  g-ener- 
ated  in  the  copper  disc  by  its  motion  between  the  poles  of 
the  permanent  magnets,  and  doubling  the  speed  doubles  the 
voltage  produced  and  therefore  doubles  the  current  or  quad- 
ruples t])e  watts  lost  in' the  disc. 

The  on]^^  factor  that  varies  much  is  the  current  in  the 
field. 

In  order  to  make  the  instrument  register  correctly,  the 
speed  must  be  twice  as  great  when  20  amperes  are  passing 
throngh  the  field  as  when  only  10  amperes  are  passing 
through. 

Doubling  the  current  through  the  field  doubles  the  mag- 
netic field  through  which  the  armature  revolves,  and  this 
doubles  the  torque  on  the  armature.  Doubling  the  speed 
doubles  the  x?urrent  produced  in  the  retarding  disc,  so  that 
the  increased  torque  is  balanced  by  an  equally  increased 
resistanie  or  counter  torque  in  the  disc.  If  the  armature 
speed  is  doubled  its  counter  electro-motive  force  will  be 
quadrupled,  because  it  is  revolving  at  double  speed  in  i\ 
field  of  double  strength. 

Since  in  any  case  the  counter  electro-motive  force  is 
extremely  small,  the  current  passing  throngh  the  armature 
is  not  varied  appreciably  by  the  variation  in  the  counter 
electro-motive  force.  We  have  flien,  by  doubling  the  speed, 
quadrupled  the  watts- lost  in  the  revolving  copper  ring  and 
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at  the  same  time  have  quadrupled  the  energy  imparted  to 
the  armature  by  quadrupliucr  its  electro-motive  force 
against  a  constant  current.  Since  these  same  relations  al- 
ways hold,  it  is  clear  that  the  speed  of  the  instrument  will 
be  always  proportional  to  the  current  passing-  through  it. 
Consideraitioiu  will  show  .'that  a  change  in  the  voltage  while 
the  current  remains  coos/tiantwi'll  change  the  counter  electro- 
motive force  of  the  armature  and  its  speed  in  the  same  way 
that  change  of  current  does. 

If  the  voltage  alone  should  change  and  the  current  be 
constant,  the  same  relation  is  true.  Suppose  the  voltage  to 
be  doubled;  the  current  through  the  armature  would  be 
doubled  and  there  would  'be  twice  the  torque  on  the  arma- 
ture. This  dou'ble  torque  would  produce  double  speed  and 
consequently  double  counter  E.  M.  F.  acting  against  double 
current,  or  it  would  exert  four  times  as  much  energy  as  at 
the  lower  speed. 

Thus,  for  either  case  of  chiamge  of  voltage  or  current 
fhe  speed  of  rotation  is  a  correct  measure  of  the  energy 
passing  through  it. 
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QUESTIONS  ON  CHAPTEK  XVIII. 


1.  What  does  a  common  volt  meter  really  measure? 

2.  On  wha't  law  d'oef^  'thje  accuracy  of  the  common  volt 
meter  depend? 

3.  If,  in  Fig.  68,  the  rio'hit-haud  pole  is  mortih,  which 
way  does  the  current  flow  through  the  right-hand  side  of 
the  bobbin  when  the  needle  registers  voltage? 

4.  What  makes  the  Weston  volt  meter  dead  beat? 

5.  What  i's  the  object  of  the  iron  core  between  the 
poles  of  the  horse-shoe  magnet? 

6.  When  the  meter  registers  the  voltage  and  comes  to 
rest,  what  two  forces  are  equal? 

7.  On  what  does  the  permanent  accuracy  of  this  meter 
depend? 

8.  What  is  the  difference  between  the  Weston  am- 
meter and  volt  meter? 

9.  Describe  the  electrical  connections  in  the  ammeter. 

10.  Describe  the  action  of  the  magnetic  vane  instru- 
ment. 

11.  What  is  the  objection  to  measuring  instruments 
using  soft  iron? 
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12.  'Why  is  the  speed  of  the  Thompson  recording-  meter 
proportional  to  the  watts  in  t-he  circuit  to  which  it  is  con- 
nected? 

13.  If  the  voltage  of  t'lie  circuit  supplying  the  cuiTcnt 
is  constant,  and  the  power  required  to  rotate  the  copper 
disc  is  proportional  to  the  square  of  the  speed,  why  will 
doubling  the  current  double  the   speed? 
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CHAPTER  XiX. 


ALTERA ATIXG  CURRENTS. 


The  currents  that  have  been  previously  considered  in 
this  vs^ork  have  been  direct;  that  is,  constantly  flowing  in 
one  direction.  An  alternating  current  is  one  which  changes 
its  direction  man^^  times  every  second;  that  is,  the  current 
flows  first  in  one  direction  and  then  in  the  opposite,  the 
time  required  for  alternation  or  reversal  varying  from  1-50 
to  1-275  of  a  second.  In  the  older  lighting  dynamos  the 
number  of  alternations  usuall3^  employed  was  from  250  to 
266  per  second.  Modern  alternating  current  machinery  op- 
erates from  50  to  125  alternations  per  second. 

Fig.  75  is  the  diagram  of  two  successive  alternations  in 
a   circuit.     Two   successive  alternations,   such   as  shown  in 


Figure  75 
Two  successive  alternations  or  one  cycle. 


this  figure,  are  called  a  period  or  a  cycle.  A  two-pole  ma- 
chine will  produce  one  cycle  every  revolution.  Fig.  76 
shows  a  bi-polar  dynamo  with  a  single  coil  wound  on  it, 
with  the  two  ends  of  the  coil  connected  to  a  pair  of  rings  on 
which  brushes  make  contact.  As  this  coil  revolves  between 
the  poles  of  the  dynamo  there  will  be  a  certain  E.  M.  F. 
produced  at  each  point.  The  E.  M.  F.  will  be  a  maximum 
when  the  coil  is  horizontal  and  the  plane  of  the  coil  and 
plane  of  the  poles  coincide.  From  this  point  on  the  volt- 
ay-e  decreases  gradually  until  the  coil  is  vertical,  and  at 
this  point  becomes  zero.  As  the  coil  moves  on  voltage  is 
again  generated,  but  now  in  the  opposite  direction.  When 
the  coil  reaches  the  horizontal  position  the  voltage  will  be  a 
negative  maximum,  which  gradually  diminishes  until  the 
coil  has  reached  the  vertical  position  again  and  the  voltage 
sunk  to  zero.  The  voltage  will  now  be  produced  in  a  posi- 
tive direction  and  again  increased  to  a  maximum. 


Figure  76 
Alternating  current  produced  in  a  bipolar  field. 
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A  cycle  is  usually  considered  to  begin  at  the  point  at 
which  the  voltage  is  at  zero  and  at  which  the  current  which 
is  to  be  generated  in  the  next  half  revolution  will  be  posi- 
tive. 

Fig.  77  shows  a  coil  revolving  in  a  uniform  field.  Such 
a  coil  will  generate  w^hat  is  known  as  a  sine  wave;  this  is 
the  form  of  the  current  w^ave  that  is  sought  in  all  power 
transmitting  machinery.     Mg.  75  shows  the  sine  wave. 


Figure  77 
Coil  revolving  in  uniform  field  and  producing  a  sine  wave. 


The  old  Westinghouse  alternating  current  dynaimos  used 
for  lighting  were  run  at  133  cycles  per  second.  The  Thomp- 
son-Houston were  run  at  125  cycles  per  second.  Most  of 
the  modern  alternating  current  machinery  is  run  at  7,200 
alternations  per  minute,  or  60  periods  per  second.  The 
great  plant  at  Niagara  Falls,  which  transmits  power  to 
Buffalo.,  runs  at  3,000  alternations  per  minute,  or  about  25 
per  second.  An  ordinary  alternating  current  is  called  a 
single  phase  current.  Such  a  current  as  would  be  gener- 
ated in  the  mechanism  shown  in  Figs.  76  and  77  would  be 
a  Ringle  phase  current. 
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A  two-phase  current  is  really  not  one  current,  but  two 
separate  currents  produced  from  one  dynamo.  One  of  these 
currents  succeeds  the  other  in  such  a  way  that  when  the 
first  current  is  at  a  maximum  the  other  current  is  at  zero; 
in  other  words,  they  are  a  quarter  cycle  apart. 


Figure  78 
One  current  of  a  two  phase  current. 

Fig.  78  shows  one  of  the  currents  in  a  two-phase  dy- 
namo; Fig.  79  shows  the  other.  Fig.  80  shows  the  two  com- 
bined in  one  diagram.  Fig.  81  show^s  a  way  in  which  a  two- 
pha.se  current  may  be  taken  from  a  direct  current  commu- 
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Figure  79 
The  other  current  in  a  two  phase  current. 
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tator.  It  will  be  seen  by  an  examination  of  Fig.  81  that 
the  two  currents  which  are  taken  from  the  commutator  of 
the  two-polo  dynamo  are  connected  to  bars  which  are  90  de- 
o'rees  apart;  thus  when  the  current  in  circuit  Xo.  1  is  at  zero. 


■^MAX. 
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Figure  80 
Diagram  of  two  phase  currents  or  Figures  78  and  79  on  one  diagram. 
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Figure  81 

Method  of  producing  two  phase  current  from  the  commutator 
of  a  bipolar  armature. 
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the  commutator  bars  to  which  it  is  attached  are  on  a  hori- 
zontal line  and  there  is  no  difference  of  voltage  between  the 
two  bars,  and  therefore  there  is  no  current  in  the  circuit. 
The  circuit  No.  2  is  attached  to  bars  which  are  in  a  vertical 
line,  and  the  voltage  between  these  bars  is  at  a  maximum. 
Fig.  81  makes  it  clear  why  it  isthat  the  two  currents  in  a 
tw^o-phase  circuit  are  said  to  be  90  degrees  apart.  A  three- 
phase  current  is  one  in  which  there  are  three  currents,  but 
they  can  hardly  be  called  three  separate  currents.  If  th.e 
three  sliding  rings  shown  in  Fig.  82  be  connected  to  three 


Figure  82 

Method  of  producing  three  phase  current  from  the  commutator 
of  a  bipolar  armature. 


commutator  bars  120  degrees  apart  on  the  commutator  of  8 
two-pole  dynamo,  the  current  which  is  taken  from  thest 
three  sliding  rings  is  a  three-phase  current.     Thus,  if  there 
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were  36  bars  in  the  commutator  of  a  two-pole  dynamo,  one 
slide  vmg  would  be  attached  to  commutator  bar  No.  1.  The 
second  slide  ring  will  be  attached  to  commutator  bar  No.  13 
and  the  third  slide  ring  would  be  attached  to  commutator 
bar  No.  25;  or,  each  slide  ring  is  attached  to  a  point  1-3  the 
circumference  of  the  commutator  away  from  its  neighbor. 
Since  there  are  360  degrees  in  a  circle,  these  currents  are 
said  to  be  120  degrees  apart.  If  a  two-phase  current  were 
to  be  taken  from  this  sam^  commutator,  circuit  No.  1  would 
be  attached  to  bars  Nos.  1  and  19;  circuit  No.  2  wouM  be 
attached  to  bars  Nos.  10  and  28.  By  a  proper  combination 
of  two-phase  or  three-phase  currents  it  is  possible  to  pro- 
duce a  revolving  pole.  By  placing  inside  of  the  applaratus 
which  produces  this  revolving  pole  a  short  circuited  arma- 
ture, this  will  be  dragged  around  by  the  revolv- 
ing pole  in  the  same  way  that  a  short  circuited  armature 
in  a  direct  current  machine  would  be  dragged  around  if  the 
fields  were  revolved  about  such  an  armature. 

The  great  advantage  that  alternating  currents  possess 
over  direct  currents  is  that  they  can  be  transformed  from  a 
low  voltage  and  a  large  current  to  a  high  voltage,  and  smalT 
current  without  any  movinig  mechanism,  or  vice  versa. 

Alternating  current  is  usually  generated  for  lighting 
purposes  in  a  dynamo  at  from  1,000  to  2,000  volts.  A  smaiT 
current  at  this  high  voltage  will  transmit  a  large  number 
of  watts,  and  only  small  wires  will  be  needed  to  transmit 
this  small  current;  one  ampere,  for  instance,  of  this  cur- 
rent at  1,000  volts  is  received  in  the  primary  coil  of  a  trans- 
former, which  changes  it  into  10  amperes  at  100  volts,  or  20 
amperes  at  50  volts,  depending  upon  the  winding  of  the 
transformer.     This     low     voltage     current     is     distributed 


through  the  building  to  be  lighted  and  operates  ten  incan- 
descent lamps.  Fig.  83  is  a  diagram  of  a  trlansformer;  P  is 
the  primary  coil  which  receives  the  high  voltage  current,  S 
is  the  secondary  coil  which  delivers  the  low  voltage  current, 
[  is  an  iron  core  passing  through  both  coils.  iVccording 
to  Lentz's  law,  current  will  be  generated  in  the  secondary 
coil  in  opposition  to  that  of  the  primary.  The  number  of 
turns  on  the  primary  and  on  the  secondary  coils  is  in  the 
r^tio  of  their  voltages.  Thus,  if  there  are  100  turns  on  the 
primary  coil  and  it  is  designed  to  receive  current  at  1,000 
volts,  there  will  be  ^ve  coils  on  the  secondary  coil  if  it  is 
desired  to  have  it  deliver  current  at  50  volts. 


Figure  83 
Diagram  of  alternating  current  transformer. 


The  transformers  are  connected  in  parallel  across  the 
main  circuit  and  the  self-induction  of  the  primary  coil  pre- 
vents excessive  current  from  flowing  through  it  when 
the    secondary  circuit  is   open.     Thus,   suppose    current   is 
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supplied  at  125  periods  per  second  and  that  there  are  100 
turns  on  the  transformer  and  that  2,000,000  lines  flow 
ihron£>h  the  core  of  the  transformer  on  an  average.  A  little 
study  will  show  that  the  voltage  produced  in  a  coil  having 
100  turns  placed  around  this  iron  core  wonld  be 

100x125x4x2,000,000 


100,000,000 

Solving  this  equation,  we  find  that  there  will  be  1,000  volts 
produced   in  such  a  coil. 

If  1,000  volts  would  be  produced  in  a  separate  coil,  there 
must  be  the  same  voltage  produced  in  the  coil  which  is 
attached  to  the  1,000  volt  line  wires.  In  this  coil  the  volt- 
age will  appear  as  counter  electro-motive  force  opposing 
the  voltage  of  the  main  circuit.  This  E.  M.  F.  is  almost 
v>recisely  equal  to  the  E.  M.  F.  on  the  large  line  wires,  and, 
in  fact,  the  only  current  that  leaks  through  the  primary 
c-oil  is  just  enough  to  produce  ampere  turns  sufficient  to 
cause  2,000,000  magnetic  lines  to  flow  through  the  iron  core 
of  the  transformer. 

When  the  secondary  circuit  is  closed,  however,  the  cur- 
rent in  it  tends  to  de-magnetize  the  iron  core,  because,  ac- 
cording to  Lentz's  law,  it  flows  in  the  opposite  direction 
to  that  in  the  primary  coil.  There  will  be,  therefore,  a 
certain  number  of  counter  magnetizing  turns  due  to  the 
current  in  the  secondary  coil,  and  there  must  be  always 
just  enough  more  magnetizing  turns  in  the  primary  coil  to 
overcome  the  de-magnetizing  turns  in  the  secondary  coil 
mid  still  force  the  magnetic  flux  through  the  iron  core,  and 
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<o  produce  the  counter  E.  M.  F.  in  its  own  coils  sufficient 
lo  oppose  the  E.  M.  F.  of  the  main  line. 

It  will  be  noted  that  the  transformer  receives  and  de- 
livers the  same  number  of  watts,  but  that  this  number  of 
watts  may  be  made  up  volts  and  amperes  in  almost  any 
ratio  that  we  please  by  properly  chCT&sing  the  number  of 
turns  on  the  two  coils.  The  Kuhmkorff  coil  is  an  example 
of  this,  in  which  a  battery  current  of  a  few  volts  and  eight 
or  ten  amperes  is  transformed  into  an  exceedingly  small 
current,  but  having  a  voltage  of  hundreds  of  thousands  of 
volts.  It  is  to  be  kept  in  mind  that  the  battery  current  is 
interrupted  or,  in  effect,  made  alternating  by  the  circuit 
breaker  on  the  coil.  The  alternating  current  system  of 
transmitting  power  is  without  doubt  destined  to  come  into 
very  extensive  use  on  account  of  the  ease  of  transformation 
with  a  transformer  without  any  moving  parts  and  on  ac- 
count of  the  cheapness  of  the  line  over  which  the  power 
can  be  efTiciently  transmitted  after  being  transformed  with 
such  little  expense.  Lines  are  in  use  in  this  country  in 
v\diich  power  is  transmitted  40  miles  at  a  pressure  of  40,000 
volts.  In  an  experimental  plant  in  Gernfany  power  was 
transmitted  130  miles  with  a  loss  in  the  line  amountinsr  to 
only  13  per  cent.  Without  doubt  power  electrically  trans- 
mitted by  alternating  currents  of  high  voltage  is  destined 
to  play  a  very  large  part  in  the  industrial  development  of 
this  country. 
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QUEST10?S'S  ON  CHAPTER  XIX. 


1.  W'hat  is  an  alternating  current? 

2.  HoAV  nriany  alterna'tions  per  second  were  used  in  the 
older  lig-hting-  systems? 

3.  What   is  a   period? 

4.  A  four-pole  machine  is  running  1,100  revolutions 
per  minute;  if  it  is  producing  alternating  current,  how 
many  cycles  per  second  will  this  current  have? 

5.  How  may  an  alternating  current  be  produced  from 
an   ordinary  direct  current  motor   or  dynamo? 

6.  What  is  a  sine  wave? 

7.  'What  is  a  single  phase  alternating  current? 

8.  What  is  a  two  phase  alternating  current? 

9.  Tf  a  two  phase  current  is  'taken  from  a  direct  cur- 
rent two-poie  d^^namo,  to  what  points  on  the  commuitator 
will   the  four  rings  be  attached? 

10.  What  is  a  three  phase  alternating  current? 

11.  How  may  a  three  phase  current  be  produced  from 
a  direct  current  two-pole  dynamo? 

12.  Why  are  the  currents  of  a  two-phase  current  said 
to  be  90  degrees  apart,  while  the  currents  of  a  three-phase 
current  are  said  to  be  120  degrees  apart? 
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13.  If  possible,  sketch  the  connections  which  would  be 
necessary  to  produce  a  revolving  pole  with  a  two-phase  cur- 
rent. 

14.  What  advantages  do  alternating  currents  .have  over 
direct  currents? 

15.  What  is  an  alternating  current  transformer? 

16.  What  is  the  object  of  a  transformer? 

17.  How  is  current  produced  in  the  secondary  coil 
from  a  prim.ary  coil  with  insulation  of  thousands  of  ohms 
between   the  two  coils? 

18.  Why  will  a  transformer  connected  across  a  thou- 
-and-volt  circuit  and  having  a  resistance  of  only  one  ohm 
allow  only  a  small  part  of  an  ampere  to  pass? 

19.  Why  will  the  current  in  the  primary  coil  increase 
when  the  resistance  of  the  secondary  circuit  decreases? 

20.  What  is  true  of  the  watts  received  'bj^  the  primary 
call  and  the  watts  delivered  by  the  secondary  coil? 

21.  What  is  a  Rhumkorff  coil? 

22.  Why  is  the  alternatinig  system  of  power  transmis- 
sion rapidly  coming  into  use? 


ANSWERS   TO   QUESTIONS   ON   CHAPTER  I. 


1.  No  thing"  of  its  ul'timate  maiture. 

2.  They  are  probablj^  betteT  understood  than  the  laws 
f^overning  heat  land  Mg-ht.' 

3.  The  opera tdon  of  an  hydraulic  system. 

4.  Ca)  The  water  pressure  or  head,  (b)  The  amount 
of  flow  or  number  of  g-allons  per  minute,  (c)  The  frictiion- 
al  resistance  of  d:he  pipes  carrjang*  the  waiter. 

5.  The  volt. 

6.  To  one  foot  of  head  or  pressure. 

7.  The  ampere. 

8.  The  ohm. 

9.  Amperes  equal  volts  divided  b}^  ohms. 

10.  Ohm's  laAv  is  only  'the  application  of  a  g-eneral  law 
to  eleetrieal  action.  The  flow^  of  heat  thiNDug-h  a  w^all  is  an 
e.^ample. 

11.  About  two. 

12.  Usually  110. 

13.  (a)  One-half  ampere,  (b)  From  six  and  a  half  to 
tem. 

14.  One  ohm. 
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15.  Loss  of  pressure  between  bailer  and  eng-ine  in 
steam  pipes. 

16.  On  the  anionnt  of  fluid  carried  throuofh  tihe  pipe 
and  on  the  straigfitniesis  and  general  eharaoter  of  the  pipe 
line. 

17.  To  the  dynain'O. 

18.  To  be  filled  in  by  studeni:. 

19.  TTpon  the  amount  of  curreout  transmitted  and  on 
the  resistance  of  the  wire. 

?0.     Draw  a  diag-ram  'and  compare  with.  Fig.  4. 

21.  From  95  to  98  per  cent. 

22.  It  is  the  loss  of  Aoltiag'e  'due  to  the  resistance  of  the 
wires  over  which  the  current  mu^t  'travel. 

23.  The  use  of  -wires  of  sueh  size  itlhait  the  loss  of  volt- 
ag^e  shall  be  praetioally  zero. 

24.  On  aeconnt  of  the  g'reat  Siize  of  eonduotors  needed 
and  the  consequen't  expense. 

25.  To  select  wire  of  such  size  that  t(he  lamps  shall  at 
'^U  times  receive  the  same  voltag-e. 

26.  See  text,  page  8. 

27.  No.    (2). 

28.  Write  lout  and  compare  with  tex-t. 

29.  Four  volts. 

30.  Such  a  circaiit  would  require  800  feet  of  No.  0000 
wire. 

31      F    ly  amperes. 

235 


32.  .077   ohms. 

33.  108   volts. 
^a4.  12,100. 

35.  A  bo  nit  two  volts. 

36.  Wire  tv^iee  ms  larg-e  as  Xo.  0000. 

37.  So  -as  to  reduce  the  drop  to  as  small  an  amioiint  as 
possible. 

38.  $887.00. 

39.  AYhen  only  a  few  lamps  are  burning-  on  a  distanit 
circuit,  the  voltag*e  on  this  circuit  is  practically  that  of 
the  dynamo,  and  tends  'to  burn  out  the  lamps. 

40.  Table  2,  pag-e  16. 

41.  At  lea'sit  50  volts. 

42.  ThT-ongih   the   raiils  and   ground. 

43.  Because  the  cqpper  used  in  bondiing-  the  track  is 
not  nearly  so  great  in  amount  as  that  required  by  the  trol- 
ley wires  and  feeder. 

44.  2.50  times  the  size  of  a  No.  0000  wire. 

45.  $1,898.00. 

125 

46. x500   equals    833. 

75 

47.  $1,138.00. 

48.  Xo.  1  or  No.  0. 
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49.  Siicth  3.  s.vsrtiem  would  leave  'the  trolley  wire  discon- 
nected near  the  power  house.  Power  wooild  be  supplied  to 
the  line  from  the  dyn'anios  by  feed  wires  connected  at  a 
distance  from  tlhe  power  staftion. 

50.  By  thie  oonsitanrt  poteai'tial  and  constamt  current 
systems. 

51.  For  operating  the  older  arc  lamp  systems. 

52.  Each  device  for  receiving  electricity  ds  exposed  to 
the  same  elecitro-motive  force. 

5.'i.  Each  device  for  receiving  electricity  muist  carry  the 
same  current. 

54.  From  9^^  to  10  amperes. 

55.  About  61/0  aimperes. 

56.  The  resis-tatnce  of  tJie  wire  in  ohms  equals  10  8-10 
rimes  t'he  length  in  feet  divided  by  the  square  of  the  diam- 
eter of  the  wire  in  thousandlths  of  an  inch. 
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ANSWEES   TO  QUESTIONS  IN   CHAPTjiiR  IT. 

1.  Galvani  and  Volta. 

2.  Write  the  answer  and  compare  with  the  text. 

3.  From  the  negative  plate  through  the  outside  circuit 
to  the  positive  plate. 

4.  The  chemical  action  of  the  electrolite  upon  the  posi- 
tive plate. 

5.  The  counter  electro-motive  force  caused  by  the  pro- 
duction on  the  negative  plate  of  some  gas,  usually  hydrogen. 

6.  The  positive  element  is  the  one  on  which  the  elec- 
trolite acts  chemically;  the  negative  element  is  the  remain- 
ing one  upon  which  the  electrolite  has  less  or  no  chemical 
action. 

7.  The  terminal  on  the  negative  plate  from  which  the 
current  flows  into  the  outside  circuit. 

8.  Platinum,  carbon  and  silver. 

9.  Because  zinc  and  carbon  are  farther  apart  in  the 
electro-chemica]  series  than  zinc  and  copper. 

10.  Both  mechanical  and  chemical  means  are  employed. 
The  mechanical  means  consists  of  blowing  air  or  some  other 
gas  across  the  negative  plate,  or  of  providing  numerous 
small  points  from  w^hich  the  gases  may  escape. 

11.  Write  the  answer  and   compare  with  text. 
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12.  They  cost  too  much. 

13.  Write  description  of  Jablockoff  battery  and  com- 
pare with  text. 

14.  Write  description  of  plunge  battery  and  compare 
with  text. 

'  15.     It  should  be  amalgamated. 

16.  Directly  proportional. 

17.  An  instrument  in  which  the  amount  of  current  that 
has  passed  in  a  given  time  is  measured  by  the  amount  of  de- 
composition effected. 

18.  Write  answer  and  compare  with  text. 

19.  An  anode  is  the  plate  or  electrode  by  which  car- 
rent  enters  the  solution.  A  cathode  is  the  plate  or  electrode 
by  which  current  leaves  the  solution. 

20.  With  it. 

21.  Write  answer  and  compare  with  text. 

ELECTKO-PLATING. 

1.  Metal  is  taken  from  the  anode  and  deposited  in  a 
thin  even  layer  on  the  cathode  or  work  to  be  plated. 

2.  See  text. 

3.  On  the  ampere  hours  or  on  tlie  amount  of  ciirre  r 
flowing  multiplied  by  the   length  of  time   it  Hows. 

4.  The  work  is  burned. 

5.  Yes.     See  text. 
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STOKAGE  BATTERIES. 


1.  A  storage  battterv  is  one  in  which  electrical  energy 
is  consumed  in  producing  chemical  change  and  which  will 
return  the  energy  so  stored  as  electrical  energy  upon  de- 
mand. 

2.  See  text. 

3.  Tt  does  not  polarize,  has  a  very  low  resistance,  and 
ro  is  capable  of  producing  heavy  discharges,  and  has  a  high- 
er voltage  than  most  primary  batteries. 

4.  For  running  horseless  darriaiges  and  electric  launch- 
es, and  for  absorbing  the  energy  of  a  dynamo  or  circuit  at 
limes  o£  light  load  and  restoring  it  at  times  of  heavy  load. 
•A  battery  may  be  very  advantageously  placed  at  or  near  the 
end  of  a  long  feeder  line,  so  as  to  make  the  current  that 
flows  over  the  h'ne  nearly  constant. 
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ANSWEKS  TO   QUESTIONS  ON   CHAPTER   III. 


1.  It  is  mag-netized. 

2.  A  small  magnet  is  supported  in  such  a  manner 
as  to  be  free  to  turn  in  a  horizontal  plane. 

3.  A  north  pole  is  one  that  points  to  the  geographical 
north.  A  south  pole  is  one  that  points  to  the  geographical 
south. 

4.  The  region  of  magnetic  influence  surrounding  the 
poles  of  a  magnet. 

5.  From  the  north  pole  into  the  air  into  the  south 
pole  and  through  the  iron  to  the  north  pole. 

6.  The  figure  formed  usually  by  iron  filings  in  a  field 
of  magnetic  force,  showing  the  direction  and  intensity  of 
magnetic  force. 

7.  It  is  much  more  concentrated  than  that  of  a  bar 
magnet. 

8.  See  text. 

9.  The  circular  and  concentric  lines  surrounding  a 
wire  carrying  a  current. 

10.  The  same  as  between  the  direction  of  rotation  of  a 
righl:  hand  screw  and  its  direction  of  motion  forward  or 
backward. 

n.     Up. 


841 


12.  South. 

13.  North. 

14.  A  piece  of  magnetic  metal  around  which  a  current 

is  circulating. 

15.  See  text. 

16.  That  end  of  an  electro-magnet  around  which  the 
current  circulates  in  the  direction  of  motion  of  the  hands  of 
a  watch,  as  seen  by  the  observer,  is  the  south  pole. 

17.  Yes.  The  lines  of  force  flowing  from  the  electro- 
magnet may  be  considered  as  the  sum  of  the  magnetic 
whirls  of  the  wires  which  surround  the  core. 

IvS.  A  coil  of  wire  in  w^hich  a  current  flows.  It  is  a 
weak  magnet. 

19.  An  electro-raagnet  without  a  metallic  or  iron  core 
would  be  a  helix. 

20.  Tt  experiences  a  mechanical  force  that  pulls  it  side- 
ways across  the  magnetic  lines. 

21.  Current  and  field  in  proper  relation  are  supplied 
and  motion  results. 

22.  Motion  and  magnetic  field  properly  related  are  sup- 
plied and  electro-motive  force  which  may  produce  a  current 
is  the  result. 

23.  Thumb,  first  and  second  fingers  oi  the  right  hand 
are  extended  at  right  angles^  to  each  other,  a.nd  point  in  the 
directions  respectively  of  motion,  lines  and  current. 

24.  Extend  the  thumb,  first  and  second  fingers  of  the 
left  hand  at  right  angles  to  each  other,  and  they  w411  point 
respectively  in  the  directions  of  motion,  lines  and  current. 
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25.  Because  the  direction  of  lines  would  be  reversed 
without  reversing  anything  else. 

26.  The  wire  on  top  moves  in  one  direction,  the  wire  on 
the  'bottom  in  the  opposite  diretction,  both  of  which  tend  to 
produce  rotation  in  one  direction. 

27.  Current  will  tend  to  flow  from  the  top  to  the  bot- 
tom of  the  wiieel. 

28.  Current  w^ill  flow  in  the  direction  of  the  hands  of 
a  watch,  as  seen  by  the  observer  on  the  south  side  of  the 
loop. 

29.  Current  W'ill  flow  from  east  to  west. 

30.  Current  flows  away  from  the  observer. 

31.  About  1-10  of  a  pound  per  foot. 

32.  100,000,000. 

33.  Yes.  To  provide  sufficient  friction  between  the 
wire  and  the  armature  core  to  prevent  the  WTiires  moving 
from  the  mechanical  force  exerted  between  the  current  in 
the  wire  and  the  magnetic  field. 
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ANSWERS   TO   QUESTIONS   ON  CHAPTEiR   IV. 


1.  On  the  ampere  turns. 

2.  Yes.  The  relation  between  magnetic  flux,  ampere 
turns  or  magnetic  motiive  force  and  magnetic  reluctance  is 
the  same  as  that  between  current,  electro-motive  force  and 
electric  resistance,   as   given  by   Ohm's   law. 

3.  The  flux  corresponds  to  the  current,  the  ampere 
turns  or  magnetic  motive  force  to  the  electro-motive  force. 

4.  Directly  proportional  to  the  length  of  the  circuit 
and  inversely   proportional   to  its   area. 

5.  It  multiplies  the  number  of  lines  passing  through 
the  helix. 

6.  Because  all  the  magnetic  lines  must  pass  tihroug^h 
the  center  of  the  helix  and  the  area  is  restricted  while  the 
leturn  path  for  the  mag'netic  dines  outside  the  helix  is  prac- 
tically unlimited. 

7.  Flux  equals  ampere  turns  x  area  divided  by  length 

1425x7.07 

x.3132  equals  — equals  5850. 

5y2X.3132 

21 

8.  — X5850  equals  8190. 
15 
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9.  The  Tnultiplying  power  of  a  magnetic  metal  for 
inagnetic  lines. 

10.  Because  the  permeabdlity  is  not  constant. 

11.  When  it  is  carrying  a  great  many  magnetic  lines. 

12.  It  is  said  to  be  saturated. 

13.  In  order  to  reduce  the  magnetic  reluctance  suffi- 
ciently to  allow  enough  lines  of  force  to  pass  to  produce 
the  proper  E.  M.  F. 

14.  By  comparing  the  number  of  magnetic  lines  that 
actually  do  flow  through  iron  with  the  number  that  would 
flow  through  the  same  space  occupied  by  air. 

15.  They  are  about  equal. 

16.  It  is  a  representatiion  of  one  sample,  but  only  ap- 
proximately represents  the  class. 

17.  Wrought  iron  has  about  twice  t!he  permeability  of 
cast  iron. 

18.  Because  the  permeability  of  each  part  is  different 
and  it  is  easier  to  get  the  desired  result  by  making  the 
separate  calculations. 

19.  2800. 

20.  A.  t.  in  air  gap,  2100 
A.  t.  in  body  of  tedth,  300 
A.  t.  in  neck  of  teeith,  200 
A.  t.  in  armature,  10 
A.  t.  in  pole  piece,  40 
A.  t.  in  yoke,  150 
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2].     A.  t.  in  air  gap,  2635 

A.  t.  in  body  of  tee1,h,  342 

A.  t.  in  neck  of  teeth,  200 

A.  t.  in  armature,  38 

A.  t.  in  pole  piece,  49 

A.  t.  in  yoke,  105 

.22.  Because  the  larger  number  of  ampere  turns  is  ex- 
pended in  the  air  gap  and  an  error  in  this  calculation  would 
make  a  great  difference  in  the  result,  while  the  same  error 
in  the  calculation  of  the  yoke,  for  instance,  w^ould  not  make 
nearly  the  same  difference. 

23.  About  one-half. 

I,000,000x37.68x.3132 

24.  A.  t.  equals equals  4220. 

9.62x280 

25.  Nickel  and  cobalt. 

26.  No. 

27.  One  in  which  the  wire  is  wound  on  the  surface. 

28.  They  give  mechanical  support  to  the  armature 
wires  and  greatly  reduce  the  reluctance  of  the  air  gap. 

29.  The  lines  tend  to  pass  from  the  surface  of  the  pole 
piece  in  tufts  or  bunches. 

30.  12x(.310-j-.062)x5  equals  22.32. 

5000xlx.3132 

31.  A.  t.  equals equlals  783. 

y2x4 
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32.  From  125,000  to  140,000  lines  per  square  inch. 

33.  It  wili  reduce  'the  flnx  six  or  eight  per  cent.  The 
exact  p.Tnonnt  of  reidiiction  could  only  be  determined  by 
making  seAeral  guesses  'and  figuring  0'U!t  each  one.  If  we 
assume  that  it  will  decrease  the  flux  6%,  figure  out  haw 
many  a.  t.  would  bo  required  in  the  ma.giietic  circuit  for 
this  numiber  of  lines,  and,  if  nolt  right,  make  a  second  or 
third. 


34.  Because  the  permea^bility  of  the  air  gap  while  great 
is  constant,  while  the  permeability  of  the  iron  part  of  the 
circuit  depends  very  greatly  on  the  amount  of  flux. 

35.  Because  it  is  practicallj'  impossiible  to  obtain  exact- 
ly correct  permeability  values. 


ANSWER;S  TO  QUESTIONS  ON  CHAPTER  V. 


1.  One  of  the  results  of  the  flow  of  magnetic  lines  of 
force,  usually  exerted  across  an  air  gap  between  two  pieces 
of  iron. 

2.  About  1,000  pounds  per  square  inch. 

3.  Because  it  increases  the  amount  of  flux  across  the 
air  gap  and  does  not  produce  enough  to  saturate  the  iron 
parts  of  the  circuit. 

4.  Because  the  pull  is  proportional  to  the  square  of  the 
number  of  lines  per  square  inch,  and  if  the  same  flux  can  be 
crowded  down  to  a  small  area  the  total  pull  will  be  increased 

5.  The  maignet  wiill  be  one  foot  in  diameter  if  it  is  to 
be  as  'lig^ht  as  possible,  for  a  given  area  of  conitact  ca,n  be 
secured  with  less  weight  in  a  miagnet  of  large  diaimeter  than 
with  one  of  ismalll  diameter.  The  maignet  is  required  ito  ex- 
ert a  pressure  of  3,000  pounds.  Aissum'ing  a  presisure  of  270 
pounds  per  square  inch,  the  icontaat  area  ^viill  be  11.11  or  5.55 
on  each  side.     The  cross  section  of  the  magnetic  circuit  will 

14 

be  5.55  X  —  equals  7.77. 

10 

Assuming  a  coil  1  indh  by  2  indhes,  as  in  Mg.  33b,  the  out- 
side diameter  of  magnet  will  be  12  inches.  The  "thickness 
of  the  wall  will  be  .2  incQi  to  give  an  area  of  7.77  square 

248 


Inches  in  each  side.     The  ou'tside  diameter  of  inner  ring  will 
be  9.G,  and  the  inner  wall  will  be  .26  thick. 

6.  Area  of  magnetic  circui't  equails  2x2x.7854  equals  3.14. 
Assume  100  turns  on  each  coil:  33,000  lines  musit  flow  per 
square  inch. 


A.  t.  equals 


104,720x2x.3132 


3.14 


equals  21,000. 


Amperes  in  each  coil  equals  105. 

7.  Annulfir,  as  shown  in  Fig.  33a. 

8.  Sectional  area  of  magnet  equals  5.8  square  inches, 
assuming  a  pull  of  270  pounds  per  square  inch.  Thickneisis 
of  outside  waM  is  albout  1-3  of  an  inch.  Assume  coil  to  be 
]yo  inch  deep.  Length  of  maignetic  circuit  equals  about  O^/o 
inohes.  A.  t.  equals  6i/<x25  equals  487.  Add  300  a.  t.  for 
constricted  portion  of  the  cirouiit,  or  a.  t.  equ'a'l's  787. 
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ANSWERS  TO  QUESTIONS  ON  CHAPTER  VI. 


1.  Mag-netic  lines  that  are  produced  but  do  not  pass 
throug'h  that  part  of  the  circuit  that  they  were  intended  to 
traverse. 

2.  Prom  15  to  800  times  better  than  air. 

3.  By  exposing  as  little  pole  surface  as  possible  to  the 
air  and  having  rounded  comers  on  what  is  exposed. 

4.  Because  the  surface  at  full  magnetic  difference  of 
potential  exposed  to  the  air  is  so  great  in  the  Edison  anvi 
so  small  in  the  internal  pole. 

5.  About  8,800  through  eadh  slot. 

6.  About  64,000. 

7.  Because  iron  conducts  maignetic  lines  a  few  hundred 
times  })etter  than  air  and  copper  conducts  electric  current 
mdllions  of  times  better  than  air. 

8.  No;  it  only  makes  the  magnet  core  and  yoke  heavier 
than  they  would  otherwise  be. 

9.  Magnetic  leakage  is  apt  to  draw  nails,  oil  cans, 
wrenches,  etc.,  into  the  poles,  when  they  may  be  entangled 
with  the  armature. 
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10.  Small  TQagnetiic  leakage  and  the  removal  of  sur- 
faces that  would  attract  iron  pieces  from  much  chance  of 
drawing  anything  into  the  armature. 

11.  The  number  of  lines  that  pass  through  the  field 
maignet  core  divided  by  the  number  thiat  pass  through  the 
armature. 
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ANSWEKS  TO  QUESTIONS  ON  CHAPTER  VII. 

1.  See  formulae  Nos.   (12),  (13)   and  (14)   in  text. 

2.  746. 

3.  8x500  equals  4000. 

51/2x746 

4. equals  amperes  equals  37.3. 

110 

5.  .0663. 

6.  134. 

7.  4.97  per  cent. 

8.  No. 

32 

9.  —  amperes. 
55 

10.  On   110  volts  6.782,  on  220  volts  3.391,  on   500  volts 
1.492,  on  1000  volts  .746,  on  10,000  volts  .0746. 

11.  On  110  volts  9.09,  on  220  voMis  4.545,  o^n  500  volts  2, 
on  1,000  volts  J,  on  10,000  volts  .1. 

12.  Because  the  voltage  is  hig-her  and  the  current  lower 
tha;n  if  the  dynamos  were  in  parallel. 

13.  More  economical  because  the  voltage  would  be  still 
furtlier  raised  and  the  current  reduced  in  the  same  ratio, 
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14.  Because  it  permits  of  the  use  of  a  cheap  line  with 
only  small  loss  of  power. 

15.  It  could   not  be  acoomplished  with  250  volts. 

16.  It  could  not  'be  accomplished  with  500  wa:tts.  About 
95  per  cen't  of  the  100  horse  power  would  be  losit  in  the  line 
at  1,000  volts;  49  volts  or  180  waitts  or  %  of  1  per  cent,  with 
20,000  volts. 

17.  Because  with  the  same  copper  cost  the  amount  or 
weight  used  is  the  same,  and  if  this  is  run  two  inches  in- 
stead of  one,  the  resistance  of  each  mile  is  doubled  and  the 
miles  of  line  are  doubled,  and  therefore  the  resistance  quad- 
rupled. 

IS.     As  the  square  of  the  voltage. 

19.  The  distance  varies  directly  as  the  voltage. 

20.  0000  wire  is  the  nearest  standard  sdze,  and  this  will 
cost  $506.40. 

21.  Three  No.  000  wires  can  be  used,  and  this  will  cost 
$1,140.75. 

23.  The  drop  specified  in  this  quesition  should  have  'been 
omitted,  and  then  the  current  would  be  123.3. 

23.  Because  the  armature  generates  voltage  and  when 
it  is  in  operation  there  is  no  way  of  measuring  what  is  used 
in  the  armature  resisitance.  Therefore  the  other  two  for- 
mulae that  contain  the  voltage  lo-st  caniiot  ib^  ^aisily  applied. 
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AiNSWEES  TO  QUESTIONS  ON  CHAPTER  YIII. 

1.  To  know  the  leng-th  of  the  average   turn. 

2.  See  text. 

3.  4129. 

4.  No.  17. 

5.  32,400. 

6.  Because  the  number  of  a.  t.  is  increased  with  the 
same  size  of  wire  if  it  is  small  in  diameter,  and  a  small  wire 
and  small  power  will  therefore  produce  more  a.  t.  if  of 
small    circumference   than   if   of    large. 

7.  In  order  to  have  section  enough  of  iron  to  allow  the 
magnetic  flux  to  pass. 

8.  Because  an  increase  in  the  amount  Oif  tihe  wire  de- 
(?reases  the  current:  that  flow^s  through  'the  coil  in  the  same 
proportion  thajt  it  increases  the  iturns. 

9.  Yes.  A  heavy  coil  requires  only  a  small  amount  of 
current  to  produce  a  given  magnetizing  power,  an^  there- 
lore  runs  cooler. 

10.  For   6-volt  plating  dynamo   No.  6   wire  gives   2784. 
For  110-volt  dynamo  No.  18  gives  3150. 

For  220-volt  dynamo  No.  21  gives  3165. 
For  500-volt  dynamio  No.  24  gives  3612. 
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11.  For  plating  dynamo  No.  6  wire  requires  121/2  pounds. 
For  110-volt  dynamo  No.  18  requires  16  pounds. 
For  220-vol't  dynamo  No.  21  requires  16  ponnds. 
For  500- volt  dynamo  No.  24  requires  201/2  poundis. 

12.  One  watt  per  square  inch. 

13.  If  thicker  than  this  the  heat  from  the  inside  layers 
of  wire  has  difficulty  in  getting  away  to  the  outs-ide  surface. 

14.  .21  of  1  per  cent,  per  degree  F. 

15.  Divide  the  number  of  amperes  that  a  coil  of  one 
pound  will  pass  by  the  number  of  amperes  it  is  desired  to 
have  the  fin  is  lied  coil  pass,  and  the  result  is  the  desired 
weight. 

16.  iSizo  of  wire  required  is  No.  20.  Weight  of  wire  re- 
quired is  14  pounds  per  coil. 

17.  20.9  pounds  of  No.  21  wire  gives  3,600  a.  t.  at  full 
pressure  of  250  volts  and  a  heait  loiss  of  1/2  ^''att  per  sq.  in. 

18.  Divide  number  of  ampere  turns  required  by  num- 
ber of  amperes  that  will  flow,  and  the  result  is  the  number 
of  turns. 

19.  It  decrease  the  current  by  increasing  the  resist- 
ance throug^h  the  coil  and  so  decreases  the  po-wer  lost  in 
the  coil. 

20.  It  increases  the  resistance  and  so  increases  the 
power  lost. 
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AXSWEES    TO    QUESTIONS   IN   CHAPTER  IX. 


1.  100,000,000. 

2.  See  text. 

3.  II  is  a  device  by  which  direct  current  is  obtained 
irom  an  armature  in  the  wire  of  which  the  current  is  alter- 
nating*. 

4.  Because  there  must  be  two  paths  for  the  passage  of 
the  current  through  a  direct  current  armature,  and  each 
path  contains  only  half  the  amount  of  wire  that  is  used  on 
the  whole  armature. 

5.  120  volts.     1,500  revolutions. 

6.  See  text. 

7.  1,388,889. 

S.  The  best  winding  will  be  two  parallel  of  .072  wire, 
and  the  resij^tamce  of  the  armature  will  be  .0816  ohms.  Di^ 
meiisions  of  armiature  will  be  found  in  Fig.  29. 

9.  If  the  motor  is  of  the  same  size  it  will  only  be  neces- 
sary to  double  the  number  of  turns  on  the  armature. 

10.  Twice  as  man 3^  turns  are  required  on  a  gramme 
ring  armature  as  an  a  drum  armature. 

11.  In  the  gramme  ring  method  of  winding,  adjacent 
coils  are  at  a  small  difference  of  potential,  and  it  is  easy  to 
repair  a  coil  if  one  gets  out  of  order. 

12.  223.2  square  inches. 

13.  The  number  of  wires  w^ill  be  doubled,  the  sectional 
area  will  be  halved,  thus  quadirupling  the  resistance. 
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ANSWERS  TO  QUESTIONS  IN  CHAPTER  X. 

1.  The  eleclro-mo-tive  force  produced  in  an  electrical 
device  which  leoids  to  reduce  the  currenrt  which  the  primary 
electro-mo'tive  force  would  tend  to  produce. 

2.  No. 

3.  Because  the  counter  electro-motive  force  is  very 
nearly  equal  to  the  primary  electiro-motive  force. 

4.  By  an  applica-tion  of  formula  18. 

5.  925.8  revolutions  per  minute. 

6.  3,174,600. 

7.  Because  as  the  temperatfure  of  the  fields  rise  the 
resistance  rises  and  the  ampere  turns  decrease,  consequently 
the  flux  decreases  and  the  speed  increases  in  the  same  ratio 
as  the  flux  decreases. 

8.  The  Patton  street  car  was  an  example  of  this,  in 
which  a  gas  engine  drove  a  dynamo  which  on  lig'ht  load's 
and  down  g-rades  oharg-ed  la  storaige  'ba<ttery,  while  on  heavy 
loads  and  up  gTades  it  became  a  motor  and  absorbed  power 
from  the  stoirage  battery. 

9.  The  fact  that  the  flux  through  the  armature  is  con- 
stanit  and  the  voltage  lost  due  to  the  resisance  of  the  arma- 
ture is  very  small,  even  at  heavy  load. 

10.  Because  the  voltage  lost  in  a  large  arm-ature  is  rela- 
tively less  For  the  same  heating  than  in  a  smaller  armature. 
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11.  Because  it  decreases  the  coumter  eleetro-motive 
force  by  decreasing-  the  effective  flux  throug>h  the  armature. 

12.  Volts  lost  in  armature  ^^4th  one  ampere  equal  .08 
volts.  Volts  lost  in  'armature  with  30  amperes  equal  2.4 
volts.  The  drop  in  speed  in  per  cent,  will  be  2.4  divided  by 
79.92  equals  3  per  cent. 

13.  Because  the  ampere  turns  on  the  field  coil  of  a 
series  motor,  and  thereffore  the  mag-netic  flux  through  the 
armature,  depend  upon  the  load  on  the  armature. 

14.  Because  tlie  flu.x  through  the  field  magnets  tends 
to  become  constant  after  the  iron  becomes  saturated. 

15.  The  magnetic  flux  across  an  air  giap  is  strictly  pro- 
portional to  the  ampeo-e  turns  expended  in  the  air  gap,  and 
if  the  iron  is  unsaturated  at  the  hiighost  voltage,  praoticailly 
all  the  ampere  turns 'will  be  expended  in  the  air  gap  and  the 
flux  through  the  armature  will  be  proportional  to  the  volt- 
age, thus  making  the  speed  constant. 

16.  In  the  same  way  that  the  speed  of  a  series  motor 
does,  but  not  in  the  same  degree.  There  will  be  an  upper 
limit  set  to  the  speed  on  account  of  the  flux  produced  by 
the  shunt  coil. 

17.  The  torque  of  an  armature  is  proportikDnal  to  the 
product  of  the  current  and  magnetic  flux  through  it.  When 
the  iron  is  unsaturated  the  flux  through  the  armature  will 
be  doubled  by  doaibling  the  current,  and  the  double  flux, 
acting  on  the  dou'Me  current,  produces  four  times  the  torque. 

18.  To  the  curremt  passing  through  the  armature. 

19.  On  a  constant  potential  circuit  with  no  load  on  the 
ir mature  the  increasing  speed  produces  an  increasirLg  coun- 
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ter  electro-motive  force,  which  reduces  the  current  through 
the  fields,  thus  rediiioing  the  flux  throug*h  the  armature, 
which  thus  tends  to  further  increase  the  speed.  The  con- 
stant speed  is  finally  reached  on  aocount  of  the  mechaniicial 
powre  required  to  rotate  the  armature  at  such  a  high  rate 
of  speed.  On  a  constant  current  circuit,  the  counter  electro- 
motive force  tends  to  become  equal  to  the  primary  electro- 
moitive  force- 

20.  In  two  ways:  First,  by  reducing  the  ampere  turns 
on  the  field  by  mean&  of  a  centrifugal  device;  and  second, 
by  decreasing  the  effective  flux  through  the  armature  by 
rocking  the  brushes. 
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ANSWERS   TO   QUESTIONS   ON   CHAFTE>R  XI. 


1.  Molecular  friction. 

2.  An  alternating"  current  woaild  set  up  changes  in  the 
direction  of  the  maignetic  flux,  and  therefore  produce  hys- 
teresis, while  a  direct  current  would  not. 

3.  Because  at  the  same  nuiniber  of  revoluiticms  per  min- 
ute there  are  twice  as  many  reversals  of  maignetism  in  a 
four-pole  motor  armature  as  in  a  two-pole. 

4.  The  direction  of  the  magnetism  is  reversed  in  the 
iron  core  of  an  airmature  in  passing  from  a  south  pole  to  a 
north  pole. 

5.  Currents  other  than  the  main  current  set  up  in  an 
armature  due  to  its  rotation,  which  produce  wasteful  heat. 

6.  In  the  same  direction  that  the  currents  flow  in  the 
wires.  * 

7.  To  prevent  eddy  currents. 

8.  To  prevent  eddy  currents  in  the  coipper,  which  would 
be  formed  in  the  large  solid  conductor. 

9.  With  a  very  short  air  gap  there  will  be  tufts  of  lines 
flowing  fr'om  the  pole  pieces  to  the  armature  teeth,  and 
therefore  the  flux  of  lines  from  a  small  g-iven  area  of  sur- 
face on  the  pole  piece  changes  and  so  produces  currents  in 
accordance  wit*h  Lentz  larw. 
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10.  The  permeability  of  siteel  pole  pieces  is  so  much 
greater  than  that  of  cast  iron  that  it  permits  oif  this  tufting 
to  a  much  greater  extent  i:han  cast  iron. 

.  11.  The  larmature  in  Fig.  33  is  four-'pole  and  there  will 
be  two  currents  in  one  direction  across  it  and  two  currents 
in  the  opposite  dirc'ction.  The  voltage  of  one  of  these  cur- 
rents will  be  .t8,  or  practically  Yz  oi  a,  volt;  the  resastance 
will  be  1.6  of  an  ohm  in  the  whole  <path  of  one  of  these  cur- 
ren'ts.  The  wattiS  lost  will  be  .143  of  a  watt.  The  power 
lost  will  be  %  of  a  watt. 

12.  No. 

13.  To  more  perfectly  insu'late  the  larmature  discs 
from  each  other  than  is  possible  by  means  of  the  oxide  on 
the  surface  of  each  disc. 

14.  The  heating  of  the  armaiture  chars  this  paper  in- 
sulation, and  so  loosens  the  armature  discs  on  the  shaft 
between  the  end  plates. 

15.  As  the  square  of  the  speed. 
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ANBWEKS  TO  QUESTIONS  ON  CHAPTER  XII.      ' 

1.  The  action  of  the  armature  as  a  magnet  due  to  the 
current  which  it  generates  passing  around  ii, 

2.  On  the  amount  O'f  current  delivered  'by  the  armature. 

3.  In  a  general  way  it  is  magnetized  ait  right  amgles  to 
the  fields. 

4.  Because  this  pole  piece  is  of  opposite  polarity  to  the 
pole  produced  in  the  armature,  Av^hile  the  pole  piece  which 
the  armature  is  .aipproaching  is  of  the  same  polarity  as  the 
arniaiture,  and  there  is  consequently  lattraction  between  the 
first  two  and  repulsion  between  -the  last  two. 

5.  The  movement  cf  the  brushes  gives  a  component  of 
the  armature  reaction,  which  tends  to  increase  or  decrease 
.the  flux  produced  by  the  field  coils. 

6.  In  order  to  stop  the  sparking  the  brushes  must  be 
rocked  in  such  a  direction  that  the  armature  reaction  has  a 
componeuit  w^hioh  opposes  the  flux  produced  by  the  field 
coils. 

7.  They  would  have  to  be  rocked  backward,  in  a  direc- 
tion opposite  to  that  of  rotation,  and  this  would  produce 
severe  sparking. 

8.  In  constant  current  dynamos. 

9.  By  rocking  the  brus-hes  into  various  positions  which 
controls  the  effect  of  the  armature  reaction  in  reducing  the 
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flux  produced  by  the  field  coils,  and  so  controls  the  voltag-e 
produced  hy  the  dynamo. 

10.  By  reducimg  the  current  through  the  field  coils  and 
so  weakening  the  flux,  and  consequently  the  voltage  pro- 
duced. This  effect  is  greatly  assisted  by  the  effect  of  arma- 
ture reaction  amd  by  rocking  the  brushes. 

11.  They  should  be  set  forward  in  the  direction  of  rota- 
rlon,  which  will  usually  cause  severe  sparking. 

12.  Not  more  than  halt  the  ampere  turns  in  the  field 
I'oil. 

13.  A  gramme  ring  armature  has  twice  as  many  turns 
as  a  drum  armature,  in  order  to  produce  the  same  voltage; 
therefore  this  form  of  armature  has  a  great  armature  reac- 
tion with  a  given  current.  x-Vrmature  reaction  is  necessary 
in  a  constant  current  machine  and  should  be  avoided  as 
much  as  possible  in  a  constant  potential  machine.  Another 
reason  Is  that  it  is  easier  to  insulate  successrfully  a  gramme 
ring  armature  for  the  high  voltages  produced  in  arc  ma- 
chines than  a  dram  armature. 

14.  The  field  is  made  multi-polar. 

15.  A  four-pole  machine  would  have  half  the  ampere 
Turns  on  each  armature  pole  and  the  same  number  of  am- 
pere turns  in  the  air  gap  on  each  field  pole  if  the  same 
voltage  is  to  be  prodticed.  Therefore  the  armature  reaction 
will  be  decreased  bv  half. 
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ANSWERS  TO  QUESTIONS  OX  CHAPTER  XIIT. 

1.  It  is  reversed. 

2.  Half  the  total  armature  current. 

3.  Chiefly  on  the  field  in  whicli  the  coil  is  movin*^  at 
the  tira.e,  also  on  the  resistance  of  leads  and  brushes. 

4.  To  reduce  the  current  in  the  sho-rt  circuited  coil  to  0. 

5.  Tf  the  short  circuited  coil  carries  one-half  the  total 
armature  crurrent  at  the  moment  it  ceases  to  be  shoi-t  cir- 
cuit-ed,  perfect   comimutatiooi  will  have  been   effected. 

G.  To  retard  the  change  of  current  in  the  short  cir- 
cuited coil  and  so  to  produce  sparking. 

7.  None. 

8.  Because  in  a  dyna.mo  rocking  the  brushes  forward 
brings  the  short  circuited  coil  into  a  magnetic  field,  that 
tends  to  reverse  the  .direction  of  current  in  the  short  cir- 
cuited coil  from  what  it  was  before  it  was  short  circuited, 
Avhile  in  a  motor  the  reverse  is  true. 

9.  No. 

10.  The  production  of  over  one-half  the  total  armature 
current  in  the  short  circuited  coil  in  the  same  direction  that 
current  flows  in  it  after  the  coil  leaves  the  brush. 

11.  Rock  them  a  long  distance  forward. 
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12.  Th€  resistance  between   brus'li  and   commutator. 

13.  11  tends  to  cau'se  the  current  to  pass  from  the  brush 
to  the  oomnnn/tatoT  evenly  all  over  the  brnsh.    . 

14.  Over-<commiiitation  is  only  possible  where  current 
is  flowing  in  opposition  to  the  main  cnrrent  in  one  of  the 
leads. 

15.  On  account  of  their  resi'stamce  they  tend  to  make 
the  current  enter  the  coninuitator  evenly  over  the  whole 
surface  of  the  brush. 

16.  The  greater  resistance  of  the  carbom  brush  pro- 
duces more  heat  than  the  copper  brush  with  a  given  current. 

17.  It  would  stop  it  entirely. 

18.  Because  its  resistance  is  very  much  higher. 

19.  It  allows  time  for  the  voltage  to  overcome  the  self- 
induction  of  the  coil  to  be  commutated. 

20.  See  text. 

21.  The  arc  that  is  formed  between  b|ar  and  brush 
melts  the  edge  of  the  copper  bar  and  it  appears  as  a  fine 
flake  of  copper  dust. 

22.  It  must  be  verj  low  in  order  to  avoid  sparking. 

23.  It  shows  that  the  commutation  produced  on  ac- 
count of  the  resistance  of  the  brush  is  of  much  more  im- 
portance in  perfect  commutation  tha.n  that  produced  bv 
the  magnetic  field. 
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ANSWEI^S  TO  QUESTIONS  IN  CHAPTER  XIV. 


1.  As  a  conductor  in  whioTi  E.  M.  F.  is  produced;  sec- 
ond, as  a  conductor  to  carry  the  ourremt  to  magnetize  the 
fields. 

2.  A  circle  surrounds  the  greatest  area  with  the  least 
length. 

3.  It  rediuces  the  leakage  surfaces. 

4.  It  must  all  flow  in  the  same  direction. 

5.  Because  the  N.  and  S.  poles  are  90  degrees  apart. 

6.  36  degrees  for  36  degrees  is  1-10  of  the  circumtfer- 
ence  of  a  circle,  and  current  must  flow  in  opposite  direc- 
tions in  zones  36  degrees  wide. 

7.  In  order  that  the  mechanical  force  shall  'be  exerted 
in  all  the  wires  under  the  two  poles  in  the  same  directions 
^s  explained  in  chapter  IV. 

8.  500  volts  as  a  maximum. 

9.  About  15.6  volts  for  both  third  and  fourth  and  elev- 
enth and  twelfth. 

10.  The  full  voltage  on  the  armature. 

11.  One  in  which  there  is  small  difference  of  potential 
between  coils  in  the  same  layer  and  the  full  difFeremce  of 
potential  or  voltage  between  the  two  layers. 
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12.  One  in  which  each  coil  occupies  the  full  depth  of 
t'he  winding"  on  the  armature  and  in  which  there  is  a  maxi- 
tniim  difference  of  potential  between  coils  of  the  same  layer. 

13.  By  carryinjg  the  leads  or  connections  from  the  ar- 
rnaiture  windinig'  spirally  around  the  armiature  the  desired 
distance. 

14.  A  wave  winding'  i>s  one  in  which  it  is  possible  to 
nse  two  brushes  on  an  armature  for  a  f aureole  machine 
without  cross  connecting  the  commutator.  Under  the  sa:me 
circnmsitances  a   lap  winding  would  require  fouT  bruishes. 

1^.  Better  magnetic  ^balance  irr  a  ansy mmetric^'l  field 
and  half  the  number  of  turns  of  wire. 

16.     Because  the  magnet  poles  are  60  degrees  apart. 

3  7.  The  positive  brushes  would  be  at  0  degree,  120  de- 
grees and  240  degrees.  The  negative  brushes  would  be  at 
60  degrees,  180  degrees  and  300  degrees.  With  a  wave- 
wound  armatu)re  it  is  necessary  to  use  only  one  positive  and 
one  negative  brush,  and  these  may  be  selected  on  opposite 
sides  of  the  commutator  if  desired. 

18.  216. 

19.  108. 

20.  The  wave-wound  armature  will  have  four  times  the 
resistance. 

21.  By  cross  connecting  the  commutator  or  connecting 
o/pposite  bars  on  the  commutator  to  each  other. 

22.  The  wave-wound  armature  will  operate  just  as  if 
the  armature  was  central.  In  the  lap-wound  armature  one 
of     the     circuits     will     produce     a     higher     voltage     than 
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others,   and    therefore    tends   to  produce   local   cui-rents    in 
the  armature. 

23.  It  cann'ot  be  connected  symmetrica/lly  to  the  com- 
mutator. 

24.  Diagram.   Fig.    85. 

25.  A  dynamo  which  has  botJi  series  and  shunt  coils. 

26.  To  produce  a  machine  which  will  produce  a  con- 
stant voltage  on  a  variable  load. 

27.  The  speed  drops  Avitih  increased  load;  volts  lost  in 
the  armature  drop,  the, armature  reaction  decreases  the  to- 
tal flux.  These  three  causes  decrease  the  voltage  on  the 
fields  and  ciherefore  the  ampere  turns  on  the  magnet. 

28.  1,200. 

29.  A  compound  wound  motor  has  the  chairacteristics 
of  both  the  series  and  shunt  motors,  the  series  winding 
making  the  speed  variations  greater  than  with  the  plain 
shunt  motor. 

30.  x\  compound  wound  motor  will  no«t  spark  on  over- 
load and  has  a  greater  torque  with  the  same  current  than 
a  plain  shunt  wound  motor. 

31.  At  500  volts  the  magnetic  circuit  is  nearly  satu- 
rated, and  the  increase  in  the  arnipere  turns  due  to  fhe 
t-cries  coil  does  not  produae  a  proportional  increase  in  the 
flux,   while  at   250  volts  it  does. 
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ANSWERS  TO  QUESTIONS   ON  CHAPTER  XV. 


1.  Tt  causes  self-excitation. 

2.  No. 

8.  Reversing  the  connectionis  causes  the  current  due 
to  the  residual  magnetism  to  flow  around  the  magnets  in 
such  a  way  as  to  decrease  the  residual  magnetism  instead 
of  increase  it. 

4.  From  two  to  five  per  cent. 

5.  The  saturation  of  the  iron  in  the  magnets. 

6.  Tt  would  rise  to  an  infinite  voltage  or  until  ^ome 
part  broke  down. 

7.  Connections  between  field  and  armature  should  be 
reversed. 

8.  ViV  bringing  the  machine  up  to  speed,  measuring 
the  voltage  due  to  residual  magnetism  with  a  mill  volt  me- 
ter, then  making  the  eonneotion  with  the  field  magnet  coil 
and  noting  whether  the  voltage  rises  or  falls  when  this  con- 
nection is  made. 

9.  As  the  load  begins  to  come  on  the  voltage  will  fall 
very  rapid  ]3^ 

10.  Moving  the  rheostat  arm  increases  or  decreases  the 
resistance  in  the  s<hunt  circuit.  This  changes  the  current 
through  the  s'hxmt  coil,  which  changes  the  ampere  turns  on 
the  magnetizing  circuit,  and  therefore  the  flux  and  voltage. 
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11.  The  arc  obtained  hy  suddenly  opening  a  field  cir- 
cuit. 

12.  6,750  Yolts. 

13.  36,000. 

14.  So  that  the  circuit  can  never  be  entirely  opened. 

15.  In  order  that  the  possibility  of  a  field  discharge 
may  be  avoided. 

16.  The  ends  of  the  shun^t  coil  are  always  connected  by 
the  resistance  in  the  starting  box  and  the  armature. 

17.  To  insert  the  resistance  of  the  starting  box  in  serids 
with  the  armature  to  avoid  sudden  overload  on  the  arma- 
ture when  the  curreni;  returns. 

18.  WJth  Q  series  and  shunt  winding  O'pposing  each 
other.     See  text. 
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ANSWERS  TO  QUESTIONS  ON  CHAPTER  XVI. 


1.  A  break  in  the  armature  winiding  which  prevents  the 
passage  of  the  armature  current. 

2.  By  severe  arcing  on   the  commutator. 

3.  By  connecting  together  the   tw^o  coroimiutator  bars 
between  which  the  arc  occurs. 

4.  A  connection  in  the  armiature  or  commutator  wihich 
allows  a  Icxjal  current  to  flow. 

5.  2,750  amperes. 

6.  By  heating   the   short  circuited  coil. 

7.  It  will  completely  short  circuit  the  ""armature,  and 
it  will  refuse  to  generate  as  a  dynamo. 

8.  It  will  run  only  a  half  revolution  at  a  time. 

9.  Imperfect  contact  between  brushes  and  commutator. 

10.  C/Ontinual  contact  and  a  constant  pressfure  between 
brushes  and  commutator. 

11.  See  text. 

12.  The   inertia  does     not  allow     the  brush    to    move 
quickly. 

13.  Heating  and  cutting  the  commutator  and  sparking. 

14.  Forward  in  the  direction  of  rotation. 


271 


15.  iBackward  in  the  direction  opposite  to  t'hat  of  ixD-ta- 
tion. 

16.  See   text. 

17.  An  unintentional  conne-ction  between  the  armature 
or  field  winding  and  the  frame. 

18.  To  ^hoTt  circuit  part  of  the  armature  or  field  wind- 
ing-. 

19.  Yes.     Tf  it  has  only  a  single  ground. 

20.  To  remove  the   intentional   ground. 

21.  T^y  miaking  tests  and  finding  the  point  of  lowest 
voltage  between  the  armature  winding  and  the  core. 

22.  Tf  the  short  circuit  is  bet^ween  the  series  coil  and 
that  part  of  the  shunt  coil  connected  to  tlfe  pole  of  the 
machine  opposite  to  that  to  which  the  series  coil  is  con- 
nected, the  machine  will  be  completely  short  circuited. 

23.  By  refusing  to  build  up  if  it  is  a  dynamo  and  by 
refusing  to  carry  a  heavy  load  with  an  ordinary  current  if 
.1   motor.  ^  .  . 

24.  By  short  circuiting  one  coil  after  another  and  mak- 
ing a  test  each  time  until  the  field  circuit  as  a  whole  is 
closed. 

25.  To  decrease  its  magnetizing  power  and  cause  it  to 
r'.in  cooler. 

26.  Becaiise  in  the  field  coil  the  current  is  claused  to 
flow  by  an  external  voltage,  aud  if  the  resistance  decreases 
the  voltage  decreases;  while  in  the  armature  each  turn 
]7roclnces  a  constant  electro-motive  force  which  Is  inde- 
pendent  of   the  resistance   of   the   circuit. 
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27.  By  causing  four  time's  t>he  amount   of  heat   to    be 
g-enerated  in  the  field  ct>il  that  reiniains  in  good  condition. 

28.  It  causes  a  machine  to  act  as  if  the  field  cincuit  \\'as 
open,  if  there  are  only  two  field  coils. 

29.  By  winding  more  wire  on  each  field  coil. 

30.  The  minute  elongation  of  each  tooth  as  it  suddenly 
enters  the  magnetic  field. 
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ANSWERS  TO  QUESTIONS  ON  CHAPTER  XVII. 


1.  By  the  heat  produced  by  the  passage  of  a  curreait 
through  the  high  resistance  of  a  small  carbon  filament. 

2.  Primarily  to  keep  the  filament  from  being  burned  up. 

3.  Because  it  is  absolutely  necessary  to  preserve  the 
vacuum,  and  platinum  is  the  only  metal  that  contracts  and 
expands  at  the  same  rate  as  glass. 

4.  It  must  be  constant. 

5.  Prom  2%  to  4i/o. 

6.  If  one  is  paying  for  both  lamps  and  electricity  and 
wants  light,  it  will  pay  to  remove  the  dim  Kamps  and  replace 
fhem  vsdth  new^  ones  at  such  a  time  that  the  cost  of  current 
and  lamps  to  produce  a  given  amount  of  light  shall  be  a 
minimum. 

7.  About  7000  degrees  Fahrenheit. 

8.  Betvreen  1-4  and  1-5. 

9.  Because  the  light  is  more  diffused. 

10.  The  oxygen  of  the  air  is  excluded  from  the  hot 
carbons. 

11.  See  text. 
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ANSWEIES  TO  QTTP:STIONiS  ON  CHiAPTBR  XVIII. 

1.  A  current  proportional  to  the  voltage. 

2.  Ohm's  law. 

3.  Down   thrcng^h   the  plane   of   the  paper. 

4.  The  eddy  currents  generated  in  the  copper  coil  on 
wh!ch  the  wire  carrjang  the  current  is  wound. 

5.  Magnetic  field  uniform. 

6.  The  raechanical  force  lactlng  on  the  wires  carrying 
current  and  the  reaction  of  the  hair  -springs. 

7.  On  the  constanc}^  of  the  permanent  magnet. 

8.  A  difference  in  the  size  of  wire  on  the  movable  coi^ 
which  in  the  ammeter  is  adapt ed  to  receive  much  larger  cur- 
rents at  a  correspondingly  lower  voltage. 

0.     See  text. 

10.  See   text. 

11.  The  error  introduced  by  the  hysteresis  of  the  soft 
iron. 

12.  'Write   answer  and   compare  with   text. 

13.  Write   answer  and   compare  with  text. 
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ANSWERS  TO  QUESTIONS  OX  CHAPTER  XIX. 

1.  A  ciirrent  which  is  caii'stantl^v  reversing  its  direotion. 

2.  From   12   to  16,000   per  ininiite. 

3.  The    time  required   for   two   successive  alternatioris. 

4.  36  2-3. 

5.  By  connectiutg-  a  circuit  to  two  ring-s  attlaehed  to  op- 
posite po'ints  on  a  direct  ourrent  bi-]>olar  eommutatcr. 

6.  The  form  of  alteirnnting  current  wave  ])rodiU'ed  l)y 
a.  coil  revolving  in  a  uniform  field. 

7.  A  single  alternati'ng  current. 

8.  Two  alternating  ciirreiuts  ])roduced  or  used  by  th',' 
same  machine  in  such  relation  to  each  other  that  when  one 
is  zero  the  other  is  maximum. 

9.  To  four  points  90  degrees  apart. 

10.  Three  alternating  currents  having  a  certain  rela- 
tion to  each  other  set  forth  in  answer  to  question  11. 

it.  By  taking  current  from  three  ring^s  attached  to 
three  points  on  a  two-pole  direct  current  dynamo  120  de- 
grees apart. 

12.  Because  two-phase  circuits  are  attached  to  points 
90  degrees  apart  on  a  direct  current  bi-polar  co-mmutiator, 
and  to  pi'oduce  a  three-phase  to  points  120  degrees  apart. 

13.  Eio\   86. 
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14.  The  volts  and  amperes  can  be  tran'Siformed  by  static 
apparatus. 

15.  A  device  of  iron  and  copper  by  which  electric  energy 
Is  transferred  from  one  circuit  o  another  without  metallic 
contact. 

16.  To  receive  a  small  current  at  a  hig-h  voltage  and 
produce  a  Jarg-e  current  at  a  correspond img-h^  lower  voltlag-e, 
or  vice  versa. 

17.  On  account  of  the  magnetic  flux  which  is  common 
to  both  the  <primary  and  the  'secondary  coils. 

18.  The  self-induction  of  the  coil  produces  a  counter 
electro-mo  the  force,  which  is  very  nearly  equal  to  the  pri- 
mary  electro-motive  fo'rce. 

19.  The  ampere  turns  of  the  secondary'  coil  oppose 
those  of  the  primary,  but  the  primary  coil  must  always 
have  enough  ampere  turns  to  force  sufificient  maignetic  flux 
around  the  circuit  to  keep  up  its  counter  eleotro-motive 
force.  When  the  resistance  in  the  secondary  cirouit  de- 
f^reases,  the  current,  b\^  Ohm's  law^,  increases,  and  the  cur- 
rent in  the  prinuiry  must  correspondingly  increase. 

20.  They  are  practically  equal. 

21.  A  transformer  of  special  design  which  has  a  small 
number  of  turns  on  the  primary  and  a  very  great  number 
Dn  the  secondary. 

22.  On  account  of  the  flexibility  of  transformation  and 
simplicity  and  reliability  of  generators  and  motoi-s. 
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TENSILE   iSTHENGTH    OF    COPPEK    WIKE. 


20 

Breaking  weight 
Pounds 

Numbers, 
B.  &S.  G. 

Breaking  weight 
Pounds 

Hard- 
drawn 

Annealed 

Hard- 
drawn 

Annealed 

0000 

8  310 

5  650 

9 

617 

349 

000 

6  580 

4  480 

10 

489 

277 

00 

5  226 

3  553 

11 

•m 

219 

0 

4  558 

2  818 

12 

307 

174 

1 

3  746 

2  234 

13 

244 

138 

2 

3  127 

1  772 

14 

193 

109 

3 

2  480 

1  405 

15 

153 

87 

4 

1  967 

1  114 

16 

133 

69 

5 

1  559 

883 

17 

97 

55 

6 

1  237 

700 

18 

77 

4S 

7 

980 

555 

19 

61 

34 

8 

778 

440 

20 

48 

27 

The  strength  of  soft  copper  wire  varies  from  32  000  to  86  000  pounds 
per  square  inch,  and  of  hard  copper  wire  from  45  000  to  68  000  pounds  per 
square  inch,  according  to  the  degree  of  hardness. 

The  above  table  is  calculated  for  34  000  pounds  for  soft  wire  and 
60  000  pounds  for  hard  wire,  except  for  some  of  the  larger  sizes,  where 
the  breaking  weight  per  square  inch  is  taken  at  50  000  pounds  for 
0  000,000  and  00,55  000  for  0,  and  57  000  pounds  for  1. 
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G1RCUMFE[RENCES  OF  CIRCLliJS. 


ADVANCING  BY  TENTHS. 


Diam. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

Diam. 

0 

.00 

.31 

.62 

.94 

1.25 

1.57 

1.88 

2.19 

2.51 

2.82 

0 

1 

3.14 

3.45 

3.77 

4.08 

4.39 

4.71 

5.02 

5.34 

5.65 

5.61 

1 

2 

6.28 

6.59 

6.91 

7.22 

7.53 

7.85 

8.16 

8.48 

8.79 

9.11 

2 

3 

9.42 

9  74 

10.05 

10.36 

10.68 

10.99 

11.30 

11.62 

11.93 

12.25 

3 

4 

12.56 

12.88 

13.19 

13.50 

13.82 

14.13 

14.45 

14.76 

15.08 

15.39 

4 

5 

15.70 

16.02 

16.33 

16.65 

16.96 

17.27 

17.59 

17.90 

18.22 

18.53 

5 

6 

18.84 

19.16 

19.47 

19.79 

20.10 

20.42 

20.73 

21.04 

21.36 

21.67 

6 

7 

21.99 

22.30 

22.61 

22.93 

23.24 

23.56 

23.87 

24.19 

24  50 

24.81 

7 

8 

25.13 

25.44 

25.76 

26.07 

26.38 

26.70 

27.01 

27.33 

27.64 

27.96 

8 

9 

28.27 

28.58 

28.90 

29.21 

29.53 

29.84 

30.15 

30.47 

30.78 

31.10 

9 

10 

31.41 

31.73 

32.04 

32.35 

32.67 

32.98 

33  30 

33.61 

33.92 

34.24 

10 

11 

34.55 

34  87 

35.18 

35.50 

35.81 

36.12 

36.44 

36.75 

37.07 

37.38 

11 

12 

37.69 

38.01 

38.32 

38.64 

38.95 

39.27 

39.58 

39.89 

40.21 

40.52 

12 

13 

40.84 

41.15 

41.46 

41.78 

42.09 

42.41 

42.-72 

43.03 

43.35 

43.66 

13 

14 

43.98 

44.29 

44.61 

44.9i 

45.23 

45.55 

45.86 

4618 

46.49 

46.80 

14 

15 

47.12 

47.43 

47.75 

48.06 

48.38 

48.69 

49.00 

49.32 

49.63 

49.95 

15 

16 

50.26 

50.57 

50.89 

51.20 

51.52 

51.83 

52.15 

52.46 

52.78 

53.09 

16 

17 

53.40 

53.72 

54.03 

54.35 

54.65 

54.97 

55.29 

55.60 

55.92 

56.23 

17 

18 

56.54 

56.86 

57.17 

57.49 

57.80 

58.11 

58  43 

58.74 

59.06 

59.37 

18 

19 

59.69 

60.00 

60.31 

60.63 

60.94 

61.26 

61.57 

6188 

62.20 

62.51 

19 

20 

62.83 

63.14 

63.46 

63.77 

64.08 

64.40 

64.71 

65.03 

65.34 

65  65 

20 

21 

65.97 

66.28 

66.60 

66.91 

67.22 

67.54 

67.85 

68.17 

68.48 

68.80 

21 

22 

69.11 

69.42 

69.74 

70.05 

70.37 

70.66 

71.00 

7131 

71.62 

71.94 

22 

23 

72  25 

7257 

72.88 

73.19 

73.51 

73.82 

74.14 

74  45 

74.76 

75.08 

23 

24 

75  39 

75.71 

76.02 

76.34 

76.65 

76.96 

77.28 

77.59 

77.91 

78.22 

24 

25 

78.54 

78.85 

79.16 

79.48 

79.79 

80.11 

80.42 

80.73 

81.05 

81.36 

25 

26 

81.68 

81.99 

82.30 

82.62 

82.93 

83.25 

83.56 

83.88 

84.19 

84.50 

26 

27 

84.82 

85.13 

85.45 

85.76 

86.07 

86.39 

86.70 

87.02 

87.33 

87.65 

27 

28 

87.96 

88.27 

88.59 

88.90 

89.22 

89.53 

89.84 

90.16 

90.47 

90.79 

28 

29 

91,10 

91.42 

91.73 

92  04 

92.36 

92.67 

92.99 

93.30 

93  61 

93.93 

29 

30 

94.24 

94.56 

94.87 

95.19 

95.50 

95.81 

96.13 

96.44 

96.76 

97.07 

30 

31 

97.38 

97.70 

98.01 

98.33 

98  64 

98.96 

99.27 

99.58 

99.90 

1002 

31 

32 

100.5 

100.8 

101.1 

101.4 

101.7 

102.1 

102.4 

102.7 

103.0 

103.3 

32 

33 

103.6 

103.9 

104.3 

104  6 

104.9 

105.2 

105.5 

105.8 

106.1 

106.5 

33 

34 

106.8 

107.1 

107.4 

107.7 

108.0 

108.3 

108.6 

109.0 

109.3 

109.6 

34 

35 

109.9 

110.2 

110.5 

110.8 

111.2 

111.5 

111.8 

112.1 

112.4 

112.7 

35 

36 

113.0 

113.4 

113.7 

114.0 

114.3 

114.6 

114.9 

115.2 

115  6 

115.9 

36 

37 

116.2 

116.5 

116  8 

117.1 

117.4 

117.8 

118.1 

1184 

118.7 

119.0 

37 

38 

119.3 

119.6 

120.0 

120.3 

120.6 

120.9 

121.2 

121.5 

121.8 

122.2 

SS 

39 

122.5 

122.8 

123.1 

123.4 

123.7 

124.0 

124.4 

124.7 

125.0 

125.3 

39 

40 

125.6 

125.9 

126.2 

126.6 

126.9 

127.2 

127.5 

127.8 

1281 

128.4 

40 

41 

128  8 

129.1 

129.4 

129  7 

130.0 

130.3 

130.6 

131.0 

131.3 

131.6 

41 

42 

131.9 

132.2 

132  5 

132.8 

133.2 

133.5 

133  8 

134.1 

134.4 

134.7 

42 

43 

135.0 

135.4 

135.7 

136.0 

136.3 

136.6 

136.9 

137.2 

137.6 

137.9 

4:i 

44 

138.2 

138.5 

138.8 

139.1 

139.4 

139.8 

140.1 

140.4 

140.7 

141.0 

44 

45 

141.3 

141.6 

142.0 

142.3 

142.6 

142.9 

143.2 

143.5 

143.9 

144.2 

45 

46 

144.5 

144.8 

145.1 

145.4 

145.7 

146.0 

146.3 

146.7 

147.0 

147.3 

46 

47 

147.6 

147.9 

148.3 

148.6 

148.9 

149.2 

149.5 

149.8 

150.1 

150.4 

47 

48 

150.7 

151.1 

151.4 

151.7 

152.0 

152.3 

152.6 

1529 

153.3 

153.6 

48 

49 

153.9 

154.2 

154.5 

154.8 

155.1 

155.5 

155.8 

156.1 

156.4 

156.7 

49 

50 

157.0 

157.3 

157.7 

158.0 

158.3 

158.6 

158.9 

159.2 

159.5 

159.9 

50 
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559.903 
602.()29 
646.926 
692.793 
740.231 

789.240 
839.820 
891  970 
945  692 
1000.98 

1057  84 
1116.28 
1176,28 
1237.86 
1301.00 

1365.72 
1432.01 
1499.87 
1569.29 
1640.30 

1712.87 
1787.01 

1862.72 
1940  00 
2018  8<> 

CO 

1 

555.717 
598  286 
642.425 
688.136 
735.417 

784.26,S 
834.691 
88().()85 
940.249 
995  384 

1052  09 
1110.36 
1170  21 
1231.63 
1294.()2 

1359.18 
1425.31 
1493.01 
1562.28 
1633.12 

1705.51 
1779.52 
1855.08 
1932.20 
2010  90 

ifi 

551.517 
593.958 
637.941 
683.494 
730.618 

779  313 

829.578 
881.415 
934  822 
989.800 

1046.34 
1104  46 
1164.15 
1225.42 

1288.25 

1352.65 
1418  62 
148617 
1555.28 
1625.97 

1698  23 
1772  05 
1847.45 
1924.42 
2002.9() 
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1034.91 
1092.71 
1152.09 
1213.04 
1275.56 

1339.64 
1405.30 
1472.53 
1511  33 
1611.71 

1683.65 
1757.16 
1832.25 

1908.90 
1987.13 

^i 

539.129 
581.070 
624.581 
669.663 
716.316 

764.539 
814  334 
865.699 
918.635 
973.142 

1029.21 
1086.86 
1146.08 
1206.87 
1269.23 

1333.16 
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1534  38 
1604.60 

1676.37 
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AKEAS  OF  SMALL  OIRCLBS. 


ADVANCINO  BY   HUNDREDTHS. 


s 

5 

.00 

01 

.000078 

.02 

.Ob 

.04 

.05 

.06 

.07 

.08 

.09 

.0 

.0 

.00031 

.0007 

.00125 

.00196 

00283 

00385 

.00503 

.00636 

.1 

.0078 

.0095 

.00113 

.0133 

.0154 

.0177 

.0201 

.0227 

.0255 

.0283 

.2 

.0314 

.03464 

.038 

.0115 

.0452 

.0491 

.0531 

.0572 

.0616 

.0666 

.3 

.0706 

.0755 

.0804 

.0855 

.0908 

.0962 

.1018 

.1075 

.1134 

1195 

.4 

.1256 

.132 

1385 

.1442 

.1520 

.1590 

.1662 

.1735 

.181 

.1886 

.5 

.1963 

.2043 

.2124 

.2206 

.2290 

.2376 

.2463 

.2552 

.2642 

.2734 

.6 

.2827 

.2922 

.3014 

.3117 

.3217 

.3318 

.3421 

.3526 

.3632 

3739 

.7 

.3848 

3959 

.4071 

.4185 

.4301 

.4418 

.4536 

.4657 

.4778 

.4902 

.8 

.5026 

.5153 

.5281 

.5411 

.5542 

.5674 

.5809 

.5945 

.6082 

.6221 

.9 

.6362 

.6504 

.6648 

.6793 

.694 

.7088 

.7238 

.739 

.7543 

.7698 

\&^ 


i^ricp:  list  of  copper  magnet  wire. 


Size, 
B.  &S. 
Gauge 

Cotton 

Silk 

Single 

Double 

Single 

Double 

16 

$  1  12 

$  1  53 

17 

1  12 

1  53 

1« 

1  15 

1  57 

19 



1  15 

1  57 

20 

$  0  60 

$  0  74 

1  18 

1  61 

21 

70 

88 

1  20 

1  63 

22 

76 

95 

1  30 

1  76 

23 

83 

1  05 

1  42 

1  93 

24 

90 

1  14 

1  56 

2  13 

25 

100 

1  27 

1  81 

248 

26 

1  10 

1  38 

2  10 

288 

27 

1  25 

1  57 

2  25 

3  07 

28 

1  35 

1  69 

2  38 

3  27 

2ft 

1  50 

1  89 

2  75 

3  76 

30 

1  65 

2  07 

2  95 

4  02 

31 

1  80 

2  23 

3  25 

4  40 

'S2 

1  95 

2  28 

3  45 

4  53 

:33 

240 

2  85 

390 

5  10 

34 

285 

3  42 

4  10 

5  30 

35 

3  25 

3  88 

5  85 

7  78 

36 

4  37 

4  93 

7  00 

888 

37           i 

6  75 

7  25 

11  00 

13  63 

;^         1 

900 

950 

13  00 

14  50 

39 

11  OO 

12  00 

15  00 

18  00 

40 

13  00 

15  00 

20  00 

23  00 
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sPE>ciFic  gravitip:is  of  metals. 


Names  of  metals 


Aluminum,  cast 

"  hamme  ed. 

Antimony 

Arsenic 

Barium 


Bismuth  . . 
Cadmium  . 
Calcium, . . 
Chromium 
Cobalt    .... 


Copper 


rolled 

cast 

drawn 

hammered. 


Gold 
Iron, 


pressed 

electrolytic. 


bar 

wrought 


Steel  

Lead 

Magnesium 
Manganese. 
Mercury. . . . 


Nickel 

Platinum  . 
Potassium 

Silver 

Sodium  . . . 


Strontium 

Tin 

Zinc 


Specific 
gravity 


2.5 
2  67 
6.702 
5.763 
4. 

9.822 
8.604 
1.566 
73 

8.6 


8.878 
8.788 
8.946 
8.958 

8.931 
8.914 
19.258 
7.483 
7.79 

7.85 
11.445 

2.24 

6.9 
13.568 

7.832 
20.3 

.865 
10.522 

.972 

2.504 
7.291 
6.861 


Weights 

per  cubic 

foot 


156.06 
166.67 
418.37 
359.76 
249.7 

613.14 
537.1 
97.76 
455.7 
536.86 

555.27 
554.21 
548.59 
558.47 
559.25 

557.52 

556.46 

1  202.18 

467.18 

486.2^ 

490.03 
714.45 

139.83 
430.73 

846.98 

488.91 
1  267.22 

54r 
656.84 

60.68 

156.31 
455.14 

428  29 


Specific 
heat 


.214  3 

"650  8 
.081  4 


.030  8 
.056  7 


.107 
.095  1 


.032  4 

.13 

.113 

.116 
.031  4 
.249  9 
.114 
.031  9 

.109  1 
.032  4 
.169  6 
.057 
.293  4 


.056  2 
.095  5 


Melting 
point  in 
degrees 
Fahr- 
enheit 


810. 
365. 


497. 
500. 


1  996. 


2  016. 

2  786. 
3"  286. 

3  286. 
612. 

3  000. 
38. 

280  0. 
328  6. 

136. 
1  873. 

194. 


442. 
773. 
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WIRE  C^AUGES  IN  'MILLS. 


Brown 

• 
Birmingham 

Numbers 

Roebling 

& 

or 

New  British 

j        Sharpe 

Stubs 

standard 

000  000 

460. 

i 

464. 

00  000 

430. 

432. 

0000 

393. 

"m" 

m." 

400. 

000 

362. 

409.6 

425. 

372. 

00 

331. 

364.8 

1 

380. 

348. 

0 

307. 

324.9 

340. 

324. 

1 

28:3. 

289  3 

300. 

300. 

2 

263. 

257.6 

284. 

276. 

3 

244. 

229.4 

259. 

252. 

4 

225. 

204.3 

.    238. 

232. 

5 

207. 

1          181.9 

220. 

212. 

6 

192. 

162. 

203. 

192. 

7 

177. 

144.3 

180. 

176. 

8 

162. 

128.5 

165. 

160. 

9 

148. 

114.4 

148. 

144. 

10 

135. 

101.9 

134. 

128. 

11 

120. 

90.74 

120. 

116. 

12 

105. 

80.81 

109. 

104. 

13 

92. 

71.96 

95. 

92. 

14 

80. 

64.08 

83. 

80. 

15 

72. 

57.07 

72. 

72. 

16 

63. 

50  82 

65. 

64. 

17 

54. 

45  26 

58. 

56. 

18 

47. 

40.3 

49. 

48. 

19 

41. 

35.89 

42. 

40. 

20 

35. 

31.96 

35. 

36. 

21 

32. 

28.46 

32. 

32. 

22 

28. 

25.35 

28. 

28. 

23 

25. 

22.57 

25. 

24. 

24 

23. 

20.1 

22. 

22. 

25 

20. 

17.9 

20. 

20. 

26 

18. 

15.94 

18. 

18. 

27 

17. 

14.2 

16. 

16.4 

28 

16. 

12.64 

14. 

14.8 

29 

15. 

11.26 

13. 

13.6 

30 

14. 

10.03 

12. 

12.4 

31 

13.5 

8.93 

10. 

11.6 

32 

13. 

7.95 

9. 

10.8 

33 

11. 

7.08 

8. 

10. 

34 

10. 

6.3 

7. 

9.2 

35 

9.5 

5.62 

5. 

8.4 

36 

9. 

5. 

4. 

7.6 

PhXIMAL  EQUIVALENTS  OF  PARTS  OF  AN  INOH. 


8ths 

16th.s 

^  equals  .0625 
^%       ''      .1875 
^   '^   .3125 
1^   "   .4375 
j%       "   .5^25 
H    '   .6875 
11   "   .8125 
li   "   ..9385 

32ds 

64ths 

Ye  equals  .125 
3^   "   .250 
%       "   .375 
%        -       .500 
%       "   .625 
%       "   .750 
Vs       "       .875 

3^  equals  .03125 
^   "   .09375 
^   "   .15625 
3^   "   .21875 
3%   '•   .28125 
U       "       .34375 
M   '   .40625 
^   '•   .46875 
H   "   .53125 
M   '•   .59375 
M   "   .65625 
li   '•   .71875 
§i   "   .78125 
fl   ''   .84375 
If   "   .90625 
U       "   .96875 

Aequ 
b\   ' 
b\   ' 

B«^    ' 

H   • 
if   • 
M   ' 
Jl   ' 
il   ' 
U       ' 
If    ' 
II   * 
U       ' 
M   ' 
il      ' 
if   ' 
11   ' 
ii   ' 
il   ' 

^f   ' 
ti      ' 
ii     ' 
II   • 
V,      ' 
if   ' 
M   ' 

II   ' 

If   • 

als  .015625 
'   .046875 
'   .078125 
'   .109375 

•  .140625 

•  .171875 

•  .203125 
,234375 

.265625 

.296875 

.328125 

.359375 

•   .390625 

.421875 

.453125 

.484375 

.515625 

.546875 

.578125 

.609375 

.640625 

.671875 

.703125 

.734375 

.765625 

796875 

.828125 

.859375 

.890625 

'   .921875 

.953125 

.984375 

286 


ERRATA. 


Pag-e  ^3,  F\g.  15.  Title  of  cut  shauld  read:  Direction 
of  current  Indicated  by  motion  of  compass  needle  ^placed 
under  a  wire  earryinig-  current. 

P>a.ge  44,  Fig.  17.     Magnetic  wires  should  read:  magnetic 

lines. 

Page  67.       Fig.  30  is  upside  down. 

Page  70.  l^hird  line  7777  should  be  2434.  Fo'urth  line 
.should  read:      24344  (2434— 1761)   equals  3107.     At.  t.  .should 

be  :}88. 

Page  77.  Fifth  line  should  be  388  instead  of  1237.  To- 
tal should  be  4025  instead  of  4874. 

Page  94,  question  5,  Fig.  25  should  be  Fig.  29. 

Page  153.     Fig.  55.     Flush  should  be  brush. 


JIJ,.   a    1899 


